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BINGA HYDRO-ELECTRIC PROJECT, PHILIPPINES. 








SS -WRIGHT 


Moving Machinery 


There are times when even the best of earth has to be moved ... to 













make way for industry and progress. 
It is at these times that the CURTISS-WRIGHT CW-215, 
with a load carrying capacity of 42,000 Ibs., a 
high range speed of 31.2 miles per hour in fifth 
gear and a ground clearance of 24” under the 
scraper, is the rugged answer to al} your 
scraping and disposing problems. 


42,000 
POUNDS 
OF 
GOOD 
cae wih Mo EARTH 


CWD-214 interchange- 
able dumper: 14.0 cu. 
yds. struck, 21.0 cu. 
yds. heaped, 25-ton 
load capacity. 













CURTISS-WRIGHT CW-215 





Ajanta G10t 


GREAVES COTTON 
& CO. LTD. 


Ralli House 16 Hare Street 
Post Box 702 Calcutta-$ 


BOMBAY + CALCUTTA » MADRAS + NEW DELHI > KANPUR * BANGALORE 
AHMEDABAD > COIMBATORE - RANCH) 





‘A trusted name’ 
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Transformer 


ny 


£ From Microwatts 
to Millions of Watts 


The SIEMENS organization is active in all 
branches of electrical engineering. 


The wattage scale on the left illustrates 
the power ranges covered by our line 
of products: 


from microphone input powers in the 
microwatt range and below all the way 
up to large transformer powers of 200 
and more million voltamperes. 


Every one of our products embodies 
the experience of more than a century's 
work in all branches of electrical 
engineering. 








M:crophone 


SIEMENS & HALSKE AG - SIEMENS-SCHUCKERTWERKE AG 
BERLIN - MUNCHEN + ERLANGEN 


| SOLE REPRESENTATIVES 


SIEMENS ENGINEERING & MANUFACTURING CO. OF INDIA PRIVATE LTD. 
BOMBAY « CALCUTTA - NEW DELHI - MADRAS - BANGALORE - AHMEDABAD - VISAKHAPATNAM 
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Unit type, Cast iron clad, 





Low Tension SWITGHBOAR DS. a0 











Atypical Starter Distribution Board Typical Switchboard incorporating 
incorporating solenoid operated interlocked, high rupturing capacity 
Motor Starters, HRC Fuse Boxes, Switch and Fuse Gear, Busbar 
Busbar Chambers , etc. Chambers, Cable Boxes, etc. 








_..now manufactured in India in technical collaboration with 


LAUR NUDSIEN evectRIGAL MANUFACTURING CO. LIMITED 


COPENHAGEN, DENMARK 


A complete range of Low Tension Switchboards incorporating 
Switch & Fuse Units, solenoid operated Motor Starters etc. 
can be offered to suit individual requirements. 


JWT-LT, 1005 


LARSEN & TOUBRO LIMITED 


IN SERVICE LIES SUCCESS P.O. Box 278 Bombay | 


Also at: Calcutta - Madras - New Delhi + Bangalore - Cochin - Ahmedabad 
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Kilburns 


MINING EQUIPMENT AGENGIES 





(Electric A.C.) 7 


Manufactured under licence from M/s. Austin Hopkinson, U.K. 
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DRILLING BITS & REAMER SHELLS 


BY PRECISION TOOLS (INDIA) PRIVATE LTO. 
Under licence from Triefus Industries Ltd. U.K. 


Sole Selling Agents in India 


KILBURN & CO. PRIVATE LTD. 


2, Fairlie Place, Caleutta-!. 
Field Office: DISHERGARH, Dt. Burdwan, W. Bengal. 


Branches : 
BOMBAY MADRAS NEW DELHI 
KANPUR TEZPUR AHMEDABAD 
BANGALORE NAGPUR SECUNDERABAD 
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POWER 
FOR 
PROGRESS 
in 
Gujarat 
& 
Maharashtra 





‘Delle’ Small Oil Volume Circuit Breaker 66 kV, 
1500 MVA, as supplied to Broach 
Sub-station in Gujarat 


“‘Nyerpic” Pelton-type Turbines, each 
rated at 17,500 BHP at 300 RPM, 
six of which have been-supplied to 
the Andhra Valley Power Supply Co. 
Ltd., for their Bhivpuri Power Station 
in Maharashtra 


by 
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BATLIBOI 


es 


Bhogilal Leherchand Private Ltd. Proprietors of: BATLIBO! & COMPANY 
Forbes Street, Bombay | 
Branches: Ahmedabad, Calcutta, Coimbatore, Delhi, Kanpur, Madras, Secunderabad & Vijayawada 
Associate: Bangalore 
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When you buy Timken 
bearings you are investing 
in a better bearing value 

for today and in the future 


oday’s machines, automobiles, trucks 

and farm tractors are much more 

powerful, heavier and more depend- 

able than those built 10 or 25 years 

ago, yet the Timken tapered roller 

bearings used in modern equipment are 
smaller and more economical. 


hat’s possible because the Timken 
Company has found ways to pack 
more capacity into less space by 
developing improved bearing steels, 
metallurgy, design proportions, new ways 
to achieve precision geometry...and by 
investing in bearing life research. 


nderlying developments of this kind 
| | are the Timken Company's philo- 

sophy of Service. Not just insti- 

tutional service to industry, but the 
kind of individual, on-the-spot bearing 
service that Timken Company representa- 
tives are qualified to give. Timken 
Company representatives are trained and 
eager to deliver the finest in professional 
assistance to help you build serviceable, 
reliable. saleable machines. 


his dynamic partnership with indus- 
try has enabled the Timken Com- 
pany to become the world’s largest 


manufacturer of tapered roller bea- 
tings with an enviable reputation for 


Exclusive Industrial and Railway Distributor: 


product excellence, pioneering of new app- 
lications and bearing industry leadership. 
It explains in part why Timken bearings 
are preferred by so many engineers. 


n important share of every 
Timken bearing sales rupee is 
ploughed back into investment in 


the latest research, testing and 
production facilities. Our impatience with 
just “‘good enough” is why practically 
every major tapered roller bearing 
development has come from The Timken 
Roller Bearing Company. Invest more’ of 
your bearing rupees with the leader — it 
will repay you in improved products and 
money-savings today and in the years 
ahead. The Timken Roller Bearing 
Company, Canton 6, Ohio, U.S.A. Cable: 
“TIMROSCO” Timken bearings manu- 
factured in Australia, Brazil, Canada, 
England, France and U.S.A. 


Industry rolis on 


TIMKEN 


tapered roller bearings 





William Jacks & Company, Ltd. Bombay. Calcutta. Madras. New Delhi 
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3 Kk. the 


widest selection of bearings 

































Illustrated here is the SF 
DOUBLE-ROW ANGULAR 
CONTACT BALL BEARING 

in which the ball tracks are 
disposed so that the load paths 
through the balls intersect the shaft 
centre line outside the bearing. 
This type of bearing is useful where 
the displacement of a shaft subject 
to axdal loads must be kept within 
very narrow limits. 





THE SKF BALL BEARING CO. PRIVATE LTD. 
P.O. Box 71, Sir Pherozeshah Mehta Road, Bombay. P.O. Box 588, Netaji Subhas Road, Calcutta. 
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Building Big Generators for Big Jobs! 





The generator on the right is the second 
largest of its type in the world. It was built 
by Toshiba for installation at Japan’s new 
development project, the Okutadami Power 
Station. It generates 133,000 kVA and was 
designed big to do a big job. For information 
about this or any other type of equipment 
necessary for generating or transmitting electric 


power, be sure to consult Toshiba. 


TOKYO SHIBAURA ELECTRIC CO., LTD. 


2, Ginza Nishi 5-chome, Chuo-ku, Tokyo, Japan. 
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Cable: TOSHIBA TOKYO 











Meeting a challenge :--- 




















More power, reliable, portable, deep In the bowels of earth, on 
land, high wp on mountains, under blistering sun, lashing rain, 
in freezing cold......this is what modern constructional activity 
demands. It’s a challenge to power units. And Kirloskar Diesel 
Engines meet it confidently, 
to drive the machines that 
help man build bigger, faster, 
Detter... rece 


DIESEL ENGINES | xirtosxar ott ENGINes LTD., KIRKEE, POONA 3 (INDIA) 
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HITACHI 
— ae 


now completing the first hydraulic turbines 
for Thailand’s Yanhee Project: 








he 


SS 


“ee A 
— he 





Shop tests were recently completed on the spiral casing for the first of two 115,000 HP 
Francis-type turbines being completed by Hitachi for Thailand’s Royal Irrigation Department. 
These will be the first of the planned 8 sets of generating units to be installed at the 
downstream of the Bhumiphol Dam, as part of the Yanhee Multipurpose Project which 
will commence operation in 1963 and eventually supply 560,000 kW of power to Bangkok 
and Thonburi. 


The vertical shaft Francis turbines have been designed to deliver 115,000 HP under the 
effective head of 112m and for a speed of 150rpm. Their spiral casings, with inlet 
diameter of 4150 mm, will each be divided into 7 sections for transportation by barge 
up the Ping River to the site. 


. . = ® e 
Sole Distributor : © itachi. LtcL. 


WILLIAM JACKS & CO., LTD. fonen 3 
BOMBAY - CALCUTTA - MADRAS - NEW DELHI Cable Address, “HITACHY” TOKYO 
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Fabrication and Erection 








of complete 























aa Compressed Air, 


industrial uses 
Light Structures of 
‘ict ) Fuel Oil ete. 
Water Vell Casing. 


STEWARTS AND LLOYDS OF INDIA PRIVATE LIMITED 


FHEAD OFFICE: 41, CHOWRINGHEE ROAD, P.O. BOX 270, CALCUTTA 
TELEPHONE : 44-5224 (7 lines) & 44-1461 : 

WORKS : 39, HIDE ROAD, KIDDERPORE, CALCUTTA 
TELEPHONE : 45-3515 (3 lines) ceed pipework at the boiler feed pumps at Irumbay Thermal Power Station 
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; WATERPROOFING 
dill bai COMPOUND 


=f INDISPENSABLE 


for use in concrete under water and 
for heavy load machinery. Also pre- 
vents saltpetre action & dampness 
of the structure. 








CEMENT RESEARCH CORPORATION PRIVATE LIMITED. 
15, GOBINDA BANERJEE LANE, CALCUTTA-33, Phone : 46-7057, CABLE: ‘SOURANIK’ 
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New power in industry 


AVB...ACC-VICKERS-BABCOCK LIMITED... 


a new and tremendous force harnessed to Indian industry... bringing together 
the vast technical knowledge and vital resources of three of the 
most productive engineering enterprises in the world. 


THE ASSOCIATED CEMENT COMPANIES LIMITED, 


pioneers in India in the manufacture of cement and 
cement-making machinery 


VICKERS LIMITED, 
internationally famous builders of ships, aircraft, 
heavy industrial and mining machinery 


BABCOCK & WILCOX LIMITED, 


world-renowned designers and manufacturers of steam-raising 
plant for industry, and thermal power stations 




















The AVB Industrial Plant...laid out on a 600-acre site at 
Durgapur...will soon be ready to manufacture steam-raising plant 
and industrial boilers, mining and cement-making machinery 

and other heavy equipment so desperately needed in 

India’s industrial expansion. 






| 
H B \ ...a powerful partnership for progress 








ACC-VICKERS-BABCOCK LIMITED 
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NEARING 
ACHIEVEMENT 


India’s ambitious Durgapur Steelworks project is well on the way to completion. 
ISCON, the consortium of famous British engineering and electrical manufacturing 
companies, has been most successful and the end of the job is in sight. 


Rolling mills, melting shop, blast furnaces, coke oven batteries and cooling towers 
have transformed the skyline. The birth of this new industry has already brought new 
employment to West Bengal. A steel city has been carved from paddy fields and jungle 
by people of two different nationalities and background, but working as a team with 
a single purpose. The result is a-triumph for British industry and a better tomorrow 
for the people of India. 


DURGAPUR 





ISCON 


HNDIAN STEELWORKS CONSTRUCTION CO. LTD. 


Davy and United Engineering Company Limited. Head Wrightson & Company Ltd. Simon-Carves ked. 
The Wellman Smith Tan Eng. Corp. Ltd. The Cementation Company Ltd. Associated Electrical Industries 
(Rugby) Ltd. The English Electric Co. Ltd. The General Electric Co. Limited. Associated Electrical Industries 
(Manchester) Led. Sir William Arrol & Company Ltd. Cleveland Bridge & Engineering Co. Ltd. Dorman 
Long (Bridge & Engineering) Ltd. Joseph Parks & Son Ltd Iscon Cable Group (Siemens Edison Swan Ltd. 
and Pirelli General Cable Works Ltd.) 


BRITISH COMPANIES WORKING FOR INDIA 


Psic 23 
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We €xport complete H.T. outdoor switchgears from 33 to 
380 kV, low-oil and air-blast circuit breakers up: to 
15.000 MVA rupturing capacity including protections of 
transformers and radio-frequency communication system. 


> eet 
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, References from various switchgears abroad bear evidence.of 
the high technical standard of the equipment delivered by us. 


TECHNOEXPORT 


FOREIGN TRADE CORPORATION FOR EXPORT OF COMPLETE INDUSTRIAL PLANTS 
Praha—Czechoslovakia 


Sole importers for India: 


SKODA (INDIA) PRIVATE LTD. 


Vulcan Insurance Building, Vir Nariman Road, Bombay-! 


Branches ; 


National Insurance Building, Agurchand Mansion, 
Parliament Street, ” P38, Mission Row, Extension, 35, Mount Road, 
New Delhi Calcutta-13 Madras-2 
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7 Te7 tp METERING PANELS 


equipped with 


Landis & Gyr ‘TRIVECTOR’ Meters 
and ‘PRINTO-MAXIGRAPH’ 





Voltas metering paneis 

are equipped with ‘Trivector’ 
and ‘Printo- Maxigraph’— 
manufactured in Switzerland 
by Landis & Gyr Ltd.—used 
by more and more important 
electrical undertakings in 
India for accurate registration, 
printing and recording. 
Voltas Limited now 
manufacture complete 
metering panels to meet the 
varying demands of 
electrical undertakings. 





HOB 
































Landis & Gyr Duplex-Trivector Meter records load in 
kWh—kVAh—kVArh in two lines and provides direct 
reading M. D. indicator for true value of kVA maximum 
demand. The ‘Trivector’ is a complete metering unit for 
active, reactive and apparent energy, and can be equip- 
ped with M.D. indicators on any or all sections—can be 
used for a wide variety of purposes 





An inside view of Landis & Gyr Printo- Maxigraph and 
summation meter. It provides simultaneous printing of 
the average load value in numerals and graphical record- 
ing of a corresponding ordinate on the chart strip; clear, 
easily evaluated records; easy low-cost maintenance; 
clean recording without liquid ink 





VOLTAS LIMITED Head Office: Bombay | 


JWT-VT. 1929 Calcutta » Madras - New Delhi + Bangalore » Cochin * Ahmedabad * Secunderabad * Lucknow : 
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SWITGHGEAR for 
POWER DISTRIBUTION 


TYPE ‘MC’ FUSE SWITCH DISTRIBUTION BOARD 


Totally enclosed, 
unit type 
construction, 
fitted with 

HRC Fuses. 


Easy to Install, 
Extend and 
Modify 


MADE IN INDIA 





Large capacity 
type MC 
fuse-switch 
distribution board, 
with sectionalised 
busbars. 


Small type MC 
distribution boards 
in a textile mill, 
one section 
supplying each floor 
of the building. 





ASSOCIATED ELECTRICAL INDUSTRIES (INDIA) PRIVATE LIMITED. 


Head Office: CROWN HOUSE, 6, MISSION ROW, CALCUTTA 
Branches at: BOMBAY NEW DELHI MADRAS BANGALORE COIMBATORE NAGPUR 


AEI’S ‘Light’ Products—-MAZDA LAMPS 


AIC-228 
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H. R. Bhatia 


Chairman 
Punjab State Electricity Board 


Regional Power Grids and their Management 


NDIA IS MAKING RAPID ADVANCEMENT IN THE FIELD 
| = “Electric Power”. The total installed capacity of 
3.4 million KW. at the end of the First Five Year 
Plan Period (March, 1956) is expected to rise to 6.4 
million KW. at the end of the Second Five Year Plan 
(March, 1961). The expected increase during the Third 
Five Year Plan (by March, 1966) is 6.4 million KW.. 
raising the total to 12.8 million KW. The demand for 
power is thus doubling about every five years. This 
is evidenced by the typical example of the area served 
by the Bhakra-Nangal Project, one of the biggest 
river-valley projects at present under execution in the 
country, where the additional capacity of 96,000 KW. 
added on the system in the years 1955 and 1956 was 
fully used up in the course of two years or so, and the 
additional firm capacity of 212,000 KW. expected to 
be available in the years 1960 and 1961 from the left- 
bank Power House at Bhakra is practically fully 
booked up already, and is likely to be consumed in a 
year or two after completion of the scheme. This has 
necessitated taking up the schemes for the Right- 
Bank Power House at Bhakra immediately and inves- 
tigations are also afoot for other Water-Power and 
Thermal Schemes, which have to follow. The deve- 
lopment of new schemes for “Power” has thus 
become almost a continuous activity in order to meet 
the rapidly rising demand in this region. The posi- 
tion in other regions of the country in the matter of 
load development and necessity for additional capa- 
city is almost identical. 

The present conditions of rising load development, 
which arise from the increasing tempo of industrial 
development in the country, are equally attributable 
to the fact that India possesses large resources of 
hydro and thermal power, the presence of which is a 
Standing inducement for increased activity in this 
field to meet the demands of the population, in its 
bid for achieving higher living standards comparable 
to other advanced nations of the world, at least to 
a modest degree. The total Hydro-Power resources of 
India are estimated at 40 million kilowatts, and the 
total resources of economically transportable low- 
grade coal, as distinct from metallurgical coking 
coal, have been estimated at 40,000 million tons, 
which, at the rate of 3 tons per KW-year, will produce 
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about 27 million Kilowatts over a period of 500 
years. The probable “Power” development curve for 
the country as a whole is given at Fig. I. This curve 
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is based on a doubling-period of five years upto 1971, 
slowing down to a doubling period of ten years there- 
after. 

These rising demands for power impose two im- 
portant conditions on the planning of future Power 
Systems in the country. The first is the increasing 
necessity for economy, both in initial installation, as 
also in the cost of operation of the Power Plants in 
view of their enormous capacity. The second is the 
requirement for improved continuity of supply in 
view of the increasing importance of industry, which 
provides the major part of the system load. These 
requirements point out towards larger unit sizes con- 
centrated in a fewer locations interconnected by a 
“Grid System” so that the various Power Stations 
connected to the Grid supplement each other. Hydro- 
Power Stations have necessarily to be located at their 
natural sites, where either a natural waterfall is 
available, or head of water is created artificially by 
building dams across rivers, usually in the sub- 
mountainous regions. Such Power Stations are gener- 
ally located away from load centres and power has to 
be transmitted to the various load centres by means 


1 








of extra-high tension transmission. The power output 
available from Hydro-Power Stations is subject to 
seasonable and yearly fluctuations, depending on the 
type of development. In run-of-the-river schemes, 
there are wide seasonal variations, and the develop- 
ment has usually to be based on the supplies of water 
available in the low-water period of a comparatively 
dry year. Even so, the periodical cycle of rainfall does 
not exclude the possibility of a rainfall year drier than 
the one assumed in the design, and unless the scheme 
is backed by another source, power shortage may be 
experienced in dry years. Storage schemes enable 
levelling out of seasonal variations the river flow, 
thereby increasing the power output of the scheme, 
but variations in rainfall from year to year equally 
affect such schemes also. If two or more schemes fed 
from different river basins are inter-connected by a 
transmission grid, the fluctuations are partially level- 
led out. Backing from Thermal Stations connected at 
suitable points on the Grid makes the operation of 
such schemes, reliable from the point of view of con- 
tinuity of supply and also offers overall economy in 
costs. Thermal stations in large unit sizes as also in 
overall capacity, will yield considerable economies by 
way of higher thermal efficiency and economies in 
coal and ash handling plant. They will generally be 
located close to the principal load centres, subject to 
suitability from the point of view of other facilities. 
Thus, a “Grid System” will give overall economies as 
also improved supply conditions on the system. 

India, being a vast country, the conception of a 
single-grid for the whole country is neither practi- 
cable nor economical. Even if we exclude Assam on 
the East and Kashmir on the North, for the purpose 
of interlinking with the Grid Systems in adjoining 
States, the distance from North to South, is about 
1,600 miles, and from East to West about 1,000 miles. 
The maximum distance to which power can be trans- 
mitted within practical limits at the highest Voltage 
at present in vogue is about 600 miles. Thus, we have 
to develop our “Transmission Grids” on the regional 
conception. Assuming that a “regional Grid” serves, 
on an average, an area of 500 miles by 300 miles, 
eight to nine “Super-grids” shall have to be planned 
to cover the whole country. 

The highest transmission voltage at present adopt- 
ed in the country is 220KV. The first transmission 
line of this voltage was constructed in the Punjab on 





the Bhakra-Nangal System. Since then lines of simi- 
lar voltage have been planned in other parts of the 
country. Table I gives the approximate power trans- 
mission limits of single-circuit transmission lines at 
various voltages from 66KV to 380KV. The maxi- 
mum transmission distance for a 220 KV line may be 
reckoned as about 300 miles with a power limit of 
about 110,000 KW. It will at once be obvious that if 
we have to develop 8 or 9 regional Super-Power- 
Grids, as indicated above, we shall have to plan 
on a transmission voltage higher than 220 KV 
adopted by the State Grids at present. Keeping in 
view the rising demands depicted in the curve at Fig. 
I, and the long distances of transmission, a voltage of 
380/400 KV. appears to be suitable for adoption on 
the “Super-Grids”. The 220KV. lines now being 
planned on various State Grids should be adequate 
to meet the demands of transmission within the State, 
and adjoining areas of neighbouring States, for the 
next ten to fifteen years. By about 1975, the present 
transmission system will begin showing signs of in- 
adequacy and may have to be augmented to voltages 
higher than 220 KV. The existing 220 KV. lines will 
then have to be replaced partially by 380/400 KV. 
lines, and the remaining lines will have to function 
as a part of the secondary Grid. 


The question of size and location of future Ther- 
mal and Nuclear Power Stations is intimately con- 
cerned with the planning of the Regional Super- 
Power Grids and it is very essential that at least a 
rough plan of the likely form of these Grids should 
be available as a guide to co-ordinate future develop- 
ment. Water power resources are chiefly available in 
the Northern region and on the Western and Eastern 
Ghats in the South. These cover the States of Punjab, 
U.P., Bihar, Madras, Mysore, Andhra, Orissa, Kerala 
and Bombay. The sites for such developments are de- 
termined by natural features. On the other hand, rich 
coal minés exist in Bihar, West Bengal and Madhya 
Pradesh, and these areas provide the most favourable 
locations for Thermal Super-Power Stations. How- 
ever, some Thermal Stations will be needed in the 
Hydro-based areas for co-ordinated operation with 
Water-Power Stations for improved reliability and 
better economic utilisation of Water Power. The most 
favourable locations for Atomic Power Stations will 
be the North-Western region, being away from both 
coal and Water-Power resources. The locations of 


TABLE I—Power TRANSMISSION LIMITS OF SINGLE-CIRCUIT TRANSMISSION LINES OF VARIOUS VOLTAGES 
(In K.W. at 0.8 P.F. lagging) 











Sl. Transmission Synchronous Condenser Capacity (Leading) Transmission 
al distance 

No. Voltage(K.V.) Zero 10 MVA 20 MVA 30 MVA. ss 40 MVA 80 MVA__: 120 MVA Miles 

1 66 7,000 15,000 ati ae on me om 80 

2. 132 20,000 40,000 50,000 _ _ ~ - 160 

3. 220 50,000 70,000 85,000 100,000 110,000 oi = 300 

4 380 150,000 ani = es 200,000 250,000 300,000 500 
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future Power Stations should be so selected that capa- 
cities of 200 to 500 megawatts can be standardized 
for the new locations. 


Before the problems of management of such Super- 
Power Grids are discussed, it will be desirable to des- 
cribe a typical Grid so as to understand the actual 
conditions involved. For this purpose, the “Power 
Grid”, as developing in the Northern region covering 
Punjab, Delhi, Rajasthan, Himachal Pradesh and 
Western part of U.P. is described. The main trans- 
mission system (66 KV. and above) is shown in Fig. 
2. The sites of future Hydro-Power sites are also 
marked thereon. The present source of supply on this 
system is mainly hydro, developed at the following 
Power Stations :— 


Installed Firm. 

M.W. M.W. 
Jogindernagar 48 36 
Ganguwal. 77 77 
Kotla 77 48 
Bhakra Left Bank 450 212 


The future Hydro-Power sites, on which prelimi- 
nary investigations have either already been com- 
pleted or are in process, are listed below: 


Installed Firm. 

M.W. M.W. 

Bhakra Right Bank 600 280 
Dahar (Ist Stage) 300 300 
Pong 250 200 
Jogindernagar Extension 96 86 


The power supplies available from these sources are 
subject to variations from season to season, and year 
to year, due to fluctuations in river flow and storage 
available from year to year, according to rainfall, and 
in order to firm up such variations, backing of Ther- 
mal Stations is visualized on the system. The appro- 
priate locations for such Thermal Plants are: 


Delhi : This is the largest single load centre in this 
region and provides a very suitable location for a 
large Thermal or Nuclear Power Station. It can also 
function as an interconnecting point with the adjoin- 
ing Grids of U.P. and portions of Rajasthan. 


Jagadhri :; This location also offers a suitable site 
for a large Themral Power Station, being located on 
the border of Punjab and U.P. A Thermal Station 
located here can feed both the Punjab and the U.P. 
Grids, and even if a single Super-Grid covering Pun- 
jab and the Eastern part of U.P. is established at a 
later date, this location has all the advantages, such 
as concentration of load, supply of raw-water, etc. 
desired for a large Thermal Station. 


Bikaner : This location may offer another suitable 
site for a Thermal Power Station in the future, as 





supplies of low-grade coal are available locally. 
Should these supplies be inadequate or unsuitable, a 
Nuclear Power Station in this area would be an appro- 
priate solution. A sizeable development of industrial 
and general locale may be expected in this area on the 
completion of the Rajasthan Canal, and supplement- 
ing the hydro-capacity of the system with a Thermal 
or Nuclear Station at this location will relieve the 
transmission system of some of its burden. This 
station can also form a link with the “Grid” serving 
the Central and Western parts of Rajasthan. 


The likely load development curve of this region is 
exhibited in Fig 3. This covers the demands of Pun- 
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Fig. 3 


jab State, Bikaner area of Rajasthan, Himachal 
Pradesh and Delhi. 


The present transmission system covers a double- 
circuit 220 KV. trunk transmission line from Bhakra 
to Delhi via Ambala and Panipat, a 132 KV. double- 
circuit trunk transmission line from Jogindernagar to 
Amritsar, and a 132 KV double-circuit transmission 
line from Ganguwal to Ludhiana. A single-circuit 
132 KV. tie line between Ludhiana and Amritsar con- 
nects the Bhakra-Nangal System with the Uhl River 
System. This tie-line is proposed to be augmented by 
a second single-circuit 132 KV line in the near future. 
A third 220 KV. circuit is proposed to be run from 
Ganguwal to Delhi via Sangnur and Hansi on the 
completion of the Right Bank Power House at Bhakra. 
The Dahar Power House will be interlinked with the 
Bhakra-Nangal System at Ganguwal through a 
double--circuit 220KV. Line. A double-circuit 132 
KV. line will link the Pong Power House with 
Bhakra-Nangal and Uhl River Systems at Jullundur. 


Fig. 4 shows the ultimate shape of the “Transmis- 
sion Grid” which may emerge in the course of the 
next 15 or 20 years as a result of the rising demands 
of Power in this region. The principal changes from 
the present “Transmission Grid” are listed below : — 


(a) The existing double-circuit 220 KV. line bet- 
ween Bhakra and Delhi, via Dhulkot and Pani- 
pat, will be replaced by two circuits of 380/ 
400 KV. with consequent changes in the con- 
nected Grid Substations. 
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(b) A single-circuit 380/400 KV. line will connect 
Panipat to Bikaner, via Hansi, and this circuit 
may be extended beyond Bikaner to form a 
link with the Super-Grid in Central and West- 
ern Rajasthan. 


(c) A single-circuit 380/400 KV. line emanating 
from Ambala Grid Substation will link the sys- 
tem with the U.P. Grid. 


(d) Another link with the U.P. Grid may be pro- 
vided from Delhi. 


(e) A double-circuit 220KV line will connect 
Jullundur with Pathankot, and this line may 
ultimately be extended to possible hydro- 
power sites on the tributaries of Chenab River. 


(f 


~— 


The existing 132 KV. double-circuit line bet- 
ween Nangal and Ludhiana will be replaced by 
a double-circuit 220 KV. line and extended to 
Jullundur on one side and to Sri Ganga-Nagar 
on the other. 


(g) A number of 66 KV lines will have to be con- 
verted to 132 KV. 


Already on the “Power Grid” as existing at present, 
while Rajasthan has partnership with Punjab in the 
Bhakra Nangal Project to the extent of 15.22%, and 
shares the costs as well as benefits of this Project to 
this extent, the States of Jammu and Kashmir, Hima- 
chal Pradesh and Delhi are beneficiaries buying power 
from the Grid at suitable points. The State of U.P. 
may be added to the list in course of time, either as 
a beneficiary, or for the purpose of exchange of 
power between the systems for mutual benefit. The 
question of management at present is relatively a 
simple one as most of the power sources lie in the 
Punjab territory, but when new sources of Power, 
either Hydro, Thermal or Nuclear, are developed out- 
side Punjab territory, problems of ownership and 
management are likely to arise. Three possible alter- 
natives may be considered :— 


(a) Central ownership. 


(b) Local ownership by individual States accord- 
ing to territorial jurisdiction. 


(c) Joint ownership of common portions by bene- 
ficiaries. 


While central ownership of the “Main Grids” by a 
central body, and local ownership of “Secondary 
Grids” and “Local Distribution Systems” by indi- 
vidual States, offers simplicity, this system has two 
draw-backs. One is the increased cost of management 





under a dual system of ownership and control as the 
two organisations will then work in watertight com- 
partments. The second draw-back is that regional in- 
terests may sometimes suffer as a central body may 
not attach as much importance to such interests as 
Local ownership. 


Local ownership by individual States according to 
territorial jurisdiction is a more acceptable solution 
from the political point of view, and this arrange- 
ment does not suffer from any serious handicaps in 
working. Under the Electricity (Supply) Act, 1948, 
all new schemes covering generation and transmis- 
sion costing more than Rs. | crore have to be sub- 
mitted to the Central Electricity Authority for ap- 
proval, which provides a sufficient check to ensure 
that the size and selection of sites for new generating 
stations will be determined on proper technical 
merits. The ownership and management of these 
assets should be determined by territorial jurisdiction, 
but the benefits should be available to the region as a 
whole. Such a system is capable of working smoothly 
with the guiding authority of the Central Electricity 
Authority for solving disputes on technical and com- 
mercial matters, if and when they arise. On large sys- 
tems, it may be necessary to set up a co-ordinating 
body for operation of the system, the function of this 
body being advisory. There will normally be no joint 
ownership under this arrangement, and the exchange 
of power between States will be accounted for and 
adjusted on the basis of pre-determined rates, but 
where the parties deriving benefits from any parti- 
cular asset mutually agree on joint ownership, such 
an arrangement is not excluded. 


The third alternative is to have joint ownership of 
common portions of the system which serve more 
than one beneficiary. While this arrangement is work- 
able for generating stations, it introduces complica- 
tions in regard to the transmission system. This is so, 
because whereas the sharing of costs, once decided, 
remains static, the sharing of benefits is not a static 
condition and remains varying from period to period 
according to load development on each system. The 
sharing of cost of management, particularly indirect 
costs, also presents several difficulties. This arrange- 
ment is, therefore, not advocated, except to a limited 
extent restricted to the ownership of generating 
Stations put up by joint agreement. 


In the end, it may be stated that this subject has 
come up for discussion at a very opportune time, 
when the country is at the threshold of large-scale 
developiaents in the “Power” field. A broad planning 
of the “Regional Grids” at this stage will eliminate 
lot of complications in the future build-up of these 
grids. 
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The Mahi Project 


UJARAT IS POPULARLY KNOWN FOR THE FERTILITY 

f soils and prosperity of its agricultural class as 
compared with other parts of the country. The impact 
of rapid industrialisation, shortage of coal resulting in 
deforestation of vast areas gradually turned the green 
face of the country into parched and dry desert 
unnoticed. 


The great famine of 1900 and scarce years that 
occurred since then as recently as 1948-1951-1952 
emphasised the need for development of irrigation in 
the State. 


The River Mahi 

Narmada, Mahi, Tapti and Sabarmati are the major 
Rivers traversing the Gujarat State. Mahi River 
flows in the middle of Gujarat from North-East to 
South-West. Rising in Vindhyas, it flows through 
Madhya Pradesh, Rajasthan and Gujarat for length 
of 362 miles before emptying itself in Gulf of Cam- 
bay. It has a total drainage area of 12,370sq. miles. 
Average annual rainfall is 32”. The total potential 
of the River is estimated to be of the order of 3 
M.A fet. 


History 

This Project was originally mooted soon after the 
famine of 1900-1901. It was then conceived as Pick- 
up-Weir and Right Bank Canal Scheme only and 
surveys were carried out between 1905-1908. The 
Project was, however, then shelved. It was again 
taken up in 1925 and surveys were completed by 
1929. This was again kept in abeyance till a more 
Opportune moment, due to the financial stringency. 
It was taken up again in 1949 with a proposal to 
undertake the Project in two stages. The first stage 
consisted of construction a Pick-up-Weir at Wanak- 
bori—a place 16 miles away from Sevalia Railway 
Station on Anand-Godhra Section of the Western 
Railway, and construction of a distribution system 
for a gross command of 2.5 lakh acres. The second 
Stage consisted of constructing a storage reservoir on 
upstream side and building a distribution system for 
additional 6.5 lakh acres. The present Project bene- 
fits an area of 7.8 lakh acres of G.C.A. in Stage I. 
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R. G. Patel 


Executive Engineer 
Mahi Project Designs Division 


Head Works 


Site and foundations : The site chosen for the Pick- 
up-Weir on the Mahi River is near Wanakbori 
village, a place 16 miles away from Sevalia Railway 
Station on Anand-Godhra Section of Western Rail- 
way. Wanakbori is approachable by 7 miles long 
asphalted approach road from mile No. 8 of Sevalia- 
Balasinor Road. The River bed here shows an out- 
crop of more or less solid granite for a length of some 
three miles. The outcrops rising at places to ten feet 
above the river bed is perphyritic Erinpura granite, 
pale pink or white in colour. Most of it is coarse 
grained but a few patches of fine grained rock are 
met with here and there. The predominating element 
is felspar which is also the chief decomposng element. 
The rock shows a tendency to spheroidal weathering. 
Although, at places there are fissures, and parts are 
boulderous, sound rock requiring little grouting is 
available at an average depth of not more than 15 feet 
below the river bed. 

The extensive survey of the entire rock river bed, 
12,000 feet longitudinal, was carried out and cross 
sections at 15 possible sites were taken. The present 
weir site at Wanakbori is chosen after fully consider- 
ing the merits of all other alternative sites upstream 
and downstream. 

The Pick-up-Weir: This is a masonry weir of 
gravity type section founded on solid granite rock. 
The weir is 2,610 ft. long (2,210 ft. overflow 200 par- 
tial overflow 200 ft. non-overflow). The maximum 
height of Weir above deepest portion is 96 feet. The 
shape of the crest of the Weir conforms to the lower 
nappe of the flowing water to attain high coefficient 
for the discharge to reduce the afflux to a minimum 
in order to save submergence. The location of Head 
Work and design is made after conducting model stu- 
dies at Central Water and Power Research Station at 
Poona for its satisfactory performance and efficacy of 
downstream protection. The weir is designed to pass 
maximum flood discharge of 11 lakh cusecs. 50%, 
uplift is allowed in the design and the design 
stresses assumed are 150 Ibs./sq. inch in compression 
and 20 Ibs./sq. inch in tension. 


Buckets of 20 feet radius with end sills with their 
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Completed Weir showing overflow over the Weir. 

Scouring sluices in the partial overflow section & 

operating winches over partial overflow & non-over- 
flow portions can also be seen. 


exposed faces inclined at 45° with their horizontal 
apron are provided just to guide and deflect the lines 
of flow from the apron to surface of the river water 
downstream. 

Pressure Relief Pipes: 12” ¢ half round pipes 
connected to holes at every 3’ alternately pointing 
upstream and downstream are provided below the 
apron so as to run parallel to the axis of the weir. 4” 
¢@ vertical outlet hume pipes are projected up from 
these 12” ¢ pipes at suitable intervals upto top of the 
apron levels. Similarly, 4” ¢ hume pipes are pro- 
vided in the base of the end sills, at suitable intervals 
to relieve the pressure on the end sills. 

Divide Walls : At the end of two adjacent approns 
with different Reduced Levels, a divide wall is pro- 
vided to prevent cross currents. These walls are taken 
3’ above the top of the end sill of the higher apron. 
These are also taken 20’ beyond longer apron. 

Grouting : Curtain grouting has been done where 
necessary (1) to eliminate seepage of water through 
foundations, and (2) to reduce uplift pressure in 
foundation—beneath the structure. 

The curtain grouting is done within 3’ from the 
upstream face of the weir. The holes drilled are 40’ 
deep. Drilling of holes upto 20’ is done by Jack 
hammers (14” ¢ bore) and that beyond by wagon 
drill (2” ¢ bore). 

These holes are tested first with water under pres- 
sure varying from 50 to 80 Ibs./sq.” A hole is grouted 
only if intake of water is more than 0.4 gallons/inch. 
The grouting was started with thin mixers like 1 in 
30. 


Consumption of cement on average has been 1 





Weir under construction, viewed from upstream side. 


bag/hole, which is much less indicating tight founda- 
tion strata. Maximum intakes in one of the holes was 
27 bags. 

Head Regulator and Scouring Sluices : The Head 
Regulator is designed to pass maximum discharge of 
7,000 cusecs which is the requirement of Stage II of 
the Project. The regulator consists of 7 openings of 
20 ft. x 12 ft. each which are fitted with tainter type 
mild steel gates manually operated. 

There are 10 scouring sluices provided in partial 
and non-overflow section of size 10’ x 12’. These are 
fitted with fixed wheel vertical gates of mild steel 
manually operated at the top by hoisting arrange- 
ments, Suitable operating platform has been pro- 
vided at the top above the calculated H.F.L. up- 
stream. 

All gates have been fabricated by P.W.D. in 
Mechanical Workshop at Kakrapar in Surat District. 

Construction Sluices: During the construction of 
the weir work, it was necessary to divert the river 
water flow from the central gorge portion to the 
nearby side channel. Two construction sluices of 
openings 64’ x 5}’ finally tapering to 5}’ x 54’ on the 
downstream side, were provided at chainage 850. 
These construction sluices were plugged up after the 
completion of the weir. 

Flood Bank: Afflux Bunds, viz. flood banks are 
provided on both the banks. On the right bank it is 
proposed for a length of about 4 a mile, while on left 
bank it is proposed for a length of about a mile. The 
formation level of these flood banks are kept 6.5 feet 
above the maximum H.F.L. The water side of these 
banks is protected by pitching. 
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Submergence : On account of the construction of 
the weir, the maximum H.F.L. of the Mahi River 
will now rise and will cause submergence of few 
villages and cultivable lands. The villages are pro- 
posed to be rehabilitated at the nearby higher spots. 
Estimate for the house compensation and the rehabi- 
litation has been prepared in consultation with the 
Revenue Department and included in the Project. 
This Estimate provides for the house compensation 
and rehabilitation of villages likely to be affected by 
the afflux caused due to construction of weir. In all 
800 houses and 7,000 souls are effected in 9 villages. 


No compensation is provided for the lands that 
will get submerged temporarily as the fertility of these 
lands will on the contrary be improved by silt during 
the floods. 


Canals 


The Main Canal is 46 miles which offtakes on the 
right bank. This is a ridge canal almost hugging the 
River for about 6 miles and then catches the ridge. 
Throughout it runs almost parallel to the river. 
There are six branches totalling to 148 miles. The 
branch canals are also aligned as ridge canals. The 
total length of distributaries, minors and sub-minors 
come to about 1,850 miles. The gross command 
under the canal system is 7,80,000 acres out of which 
6,50,000 is culturable command. The annual irriga- 
tion on full development will be 4,60,000 acres in 
Stage I. 

Des‘gn of Criteria of Canals : Water requirements 
assumed for different crops are as under: — 





Weir under construction, viewed from left bank. Left 
abutment is seen in the foreground. 
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Transit losses between field and outlet head are 
taken as 25% of discharge at the outlet head and that 
between outlet head and Main Canal are also taken 
as 25% of the discharge at the outlet head. Rotation 
period assumed is 14/28 in Stage I. Main Canal and 
Branches are designed for Stage II of the Project for 
rotation period of 12/24 while the distribution system 
is designed for Stage I with rotation period of 14/28. 

Design of Channel Sections : The following assump- 
tions and formule are adopted for the design of sec- 
tions of irrigation channels : — 


(i) Gradient : 
(a) Main Canal & 1 in 4,000 to 1 in 7,000, 
Branch 
(b) Distributary 
(c) Sub-Minor 


1 in 5,000 to 1 in 3,000. 
1 in 1,500 upto 5 cusecs. 1 
in 2,000 for 6 to 20 cusecs. 


we 


rd 
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A view of the nearly completed Weir. 








The sluices in the partial overflow portion with energy 

dissipation arrangements. Temporary arrangement for 

conveyance of materials from downstream can also 
be seen. 


(ii) Coefficient of rugosity (N): 
(a) Main Canal & 0.0225 for unlined chan- 


Branches nels, & 0.018 for lined 
channels. 
(b) Distributary, 0.025 for unlined channels. 


Minor and 
Sub-Minor 


(iii) Side slopes : 


4 to | for design purpose for all channels. 


(iv) Velocity (Manning’s Formula): 
: , 1.486 ] 
Velocity : V,= N a aed ig 
Where R = Hydraulic mean depth. 
S = Hydraulic Gradient. 
Critical Velocity : 
Vv 0 r , ‘ ‘ , Sus 
V 0.9 to 1.1 where Vy actual velocity. 
‘ 
Lining 

The lands are very costly in the area in which the 
Main Canal passes and also the coefficient of per- 
meability of the soil is also fairly high due to sandy 
nature of the soil. These warrant the necessity of 
lining the canal. Therefore, lining has been provided 
in the Main Canal in the first 36 miles. Details of the 
lining are as under: 

Sandwiched Brick Title Lining : Sandwiched brick 
tile lining consists of 3” thick layer of red cement 
motar 1:3 sandwiched between 

(i) Bottom layer of 12” x 6” tiles in red C.M. 1:5 





Sub-soil water met with in the certain length of 
main canal. Composite lining is provided in this reach 
with flap valves to release sub-soil water. Excavation | 
of canal is done with machinery for deep cutting. 
Draglines at work can be seen at the far end. 





laid on a bedding of 3” thick 1:5 red C.M. and 
(ii) Top of layer of 12”6~ tiles in 1:3 red C.M. 
laid on a bedding of }” thick 1:3 red C.M. 


Note : Red cement consists of 4 parts of cement 
and 1 part of Surkhi. 


Composite sandwiched brick and cement concrete 
lining : Composite lining consists of cement concrete 
lining as well as sandwiched brick lining. 


Cement concrete lining has following features :— 





(i) 5” thick 1:3:6 cement concrete lining over the 
entire bed and the sides of the canal upto a 
height of 10’-0” above the C.B.L. 

(ii) Below the cement concrete lining on the sides 
and bed, 8” thick graded filter laid in two 
layers of 4” thick each is provided. 

(iii) Suitable curvature is negotiated at the corners. 

(iv) Sleepers 6” x3” of 1:4:8 c.c. are provided 
below the longitudinal joints in the bed con- 
crete. 

(v) The longitudinal drains of dry bricks or pre- 
cast cement concrete blocks enveloped all 
round by graded filters are provided one in the 
centre and two on the sides. 





(vi) Automatic non-returns flap valves operating 

in the longitudinal drains at the interval of 

250 feet. Here all the parallel drains are con- 

nected by a cross drain. ' 
(vii) Remaining portions of the sides above 10’-0” 

C.B.L. are lined with sandwiched brick tiles as 

described above. Concrete lining is done in 

panels keeping joints longitudinally at the 
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tangent point, at the centre and at the junc- 
tion of concrete and brick lining. Cross joints 
are provided at every 25’ in the bed and at 
12’-6” on the side slopes. 


Between miles 0 to 7 and 14 to 36, sandwiched 
type brick lining is provided. Between mile No. 7 and 
13, sub-soil water level is higher than the C.B.L. and 
hence in this reach composite brick and concrete 
lining is provided which consists of concrete lining 
upto a height of 10’ from the C.B.L. Above this level, 
usual sandwiched brick lining is provided. 


Progress 
The up-to-date progress on works is as under: — 
(i) Head Works 
(ii) Main Canal 
(Miles 46) 
Branches 
(iii) Nadiad Branch 


Completed. 


0 to 36 completed; 36 to 
46 nearing completion. 


Practically completed. 

On the branches works are in progress. 

Distribution System : Distribution system covering 
an area of G.C.A. 82,000 acres is completed and 
about 9,500 acres have been irrigated in 1959-60, Dis- 
tribution system for a further area of 73,000 acres 
G.C.A. will be ready by January, 1961. The Project 
is proposed to be completed in all respects by 1965. 


Cost 
The Project is estimated to cost about 23.00 crores. 


Lining operation during construction. Sandwiched 

plaster layer is completed and top brick tile lining 

layer is being placed. The photo also shows wooden 

stairs for movement of workers and Horizontal Planks 
for the masons at work. 
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Benefits 

This is one of the major River Valley Projects of 
the Gujarat State. On completion of this Project 
(Stage I) it benefits an area of 7.80 lakh acres of rich 
fertile lands in Thasra, Anand, Nadiad, Petlad, Bor- 
sad and Matar Talukas of Kaira District in Gujarat 
State. The increase in annual food production is 
estimated to be 1,31,000 tons. Indirect benefits of the 
Project are in the form of increased taxes, saving in 
foreign exchange and afford recreational facilities. 


Mahi Right Bank Canal Project, Stage I 
Features at a Glance 


I General 
Height above the lowest river bed 
level R.L. 153.00 67.6 feet 
Location :—Pick-up-Weir across River Mahi near 
Wanakbori Village, Taluka Balasinor, 
District Kaira. 
Lat. : 22° - 56’ Long. : 73° -25’ 
Authority or Owner Government of Gujarat 
Purpose (main and 


subsidiary) Irrigation 


Year of commencement 1948 
Proposed year of 
completion 1965 


Pick-up-Weir and Head Regulator and a portion 
of Main Canal and Branches completed and put into 
commission in November 1958. 

Capital Cost Estimated Rs. 2,270.42 
Lacs (under Revision) 


A typical unflumed villlage road bridge for the canal. 
The end spans are resting on burried piers. 











Culturable command 
area 
Area Irrigated 
Installed Hydro-Elec- 
tric Capacity 
(a) Firm 
(b) Secondary 


Means of access :— 


6,50,000 Acres 
4,60,000 Acres 


Nil 

Nil 

It is accessible by road 
from Sevalia Railway Sta- 
tion on the B. G. Chord 
line of Western Railways 
Anand-Godhra Section in 
Kaira District. 


II Geophysical 


Area of catchment 
Nature of catchment 
Mean annual precipita- 
tion 
(a) Rainfall 
(b) Snow 
Total average—Annual 
yield of the catchment 
Climate 
Temperature conditions 
and variations :- 
Rate of flow 
(a) Maximum 


(b) Minimum 
Detritus charge of the 
stream 
Character (Chemical) of 
the water stored in the 
Reservoir 
Geological Features 
(a) Of Foundation 


(b) Of catchment 


Earthquake intensities 


11,840 Sq. miles. 
Hilly and Forested. 


32.5 Inches 
Nil. 


Hot 
Extreme variations in tem- 
perature and humidity. 


10.49 Lacs cusecs (recorded 
in 1919 at Vasad Railway 
Bridge 45 miles d/s of 
Weir Site) 


Clear Water 


Hard, Massive fine grained 
granite 

Steep, rocky and medium 
forested. 


Ill Technical 
A—STATISTICAL 


Pick-up-Weir 
(a) Crest R.L. 

(b) H.F.L. (calculated) 
(c) Length of Weir 
(i) Overflow 
(ii) Partial Over- 

flow 
(iii) Non-Overflow 
Total 


220.60 
243.49 
Ft. Top R.L. 
2,210 220.6 

200 234.6 

200 249.0 
2,610 


Capacity of the Reser- 
voir basin created by 
the Weir 
(a) Cross 
(b) Live 

Maximum Height above 
the Lowest Founda- 
tion 

Height above the Lowest 
River Bed 

Maximum Width of 
Level of Foundation 
(exclusive of buckets) 

Shape of the Crest 


Batter : 
(a) Upstream 
(b) Downstream 


Flood Banks : 

(i) Top R.L. 

(ii) Left Bank 

(iii) Right Bank 

Head Regulator Open- 
ings (Radial Gates) 


Scouring Sluices : 
(i) Non-Overflow 
(ii) Partial Overflow 


Canals : 

Main Canal: 
(a) Lined 
(b) Unlined 


Total : — 
Capacity of the Canal : 


Section of the Main 
Canal : 

(i) Lined 

(ii) Unlined 


Bed Gradient : 

(i) Lined 

(ii) Unlined 

Branches 

Length of Distributaries, 
Minors and sub- 
Minors 


Irrigation 

Total area commanded 

Culturable Command 

Area proposed to be 
irrigated 


In M Cft. 
1,480 
1,280 


96 feet 


67.6 feet 


73.68 feet 

Ogee shaped (Shape con- 
forming to the lower Nap- 
pe of the flowing water) 


Vertical 
1Htol.7V 


250.0 
5,500 feet 
2.600 feet 


7 Nos. 20’ x 12’ 


10’ x 12’ 
10’ x 12’ 


36 miles 
10 miles 


46 miles 
7,000 Cusecs at head 


54’ x 17’ 
42’ x 9.5’ 


1 in 7,000 
1 in 5,000 


158.5 miles 
1,850 miles (approx.) 
7,80,000 Acres 


6,50,000 Acres 


4,60,000 Acres 


(Continued on page 15) 
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Sprinkler Irrigation: Types and Possibilities 


a AT THE RIGHT TIME AND IN THE RIGHT 
amounts makes an important difference in the 
quality and production of crops. Irrigation is success- 
ful only if it produces a profit for the cultivator. It is 
important that the correct types of irrigation scheme 
be designed for the particular local conditions. The 
water supply, drainage, labour, soil fertility and 
insects and diseases—all should be considered in the 
overall irrigation scheme. 


Water Supply 


A common mistake in planning irrigation is to 
attempt to irrigate too much land with too little water. 
The water supply must be adequate to last through 
a prolonged dry spell. There is no point in irrigating 
a large acreage half way through a drought and then 
suffering crop damage and reduced yields because of 
a water shortage. The cultivator gets his biggest 
returns from irrigation during the dry periods so we 
should help him plan his irrigation scheme to meet 
those needs. 

The three most likely sources of irrigation water 
are underground supplies pumped from wells or pits, 
flowing streams, and surface storage (tanks and 
reservoirs). 

Drainage 

Good drainage is essential. Land that is poorly 
drained cannot be successfully irrigated until a sur- 
face drainage system or tile system, or both is ins- 
talled. 

Labour 

Irrigation requires labour. The labour must be 
trained to handle irrigation, otherwise crop damage 
and wastage of water will result. One advantage of 
sprinkler irrigation is that unskilled (untrained) 
labour can be employed. 


Soil Fertility 
Irrigation will bring the most returns on land that 
has a high level of fertility and that has received 
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soil treatments. Such treatments will include liberal 
fertilization and proper crop rotations. These treat- 
ments will reduce leaching of fertiliser elements, fur- 
nish organic matter and make the soil easy to till. 


Insects and Diseases 
Irrigation water can make conditions ideal for 
attack by insects and diseases, just as it can be helpful 
to crops. Both insects and diseases can be controlled 
by using good cultural practices and by following a 
good spray programme. 


Why Sprinkler Irrigation? 

The authors quite realise the relative cost of using 
sprinkler irrigation and they feel that this system of 
irrigation will have very limited use in this country 
for the present. However, they also realize the import- 
ance of this system under certain conditons. In sandy 
tracts high seepage losses occur in surface irrigation 
and consequently smaller acreages are commanded 
by an individual irrigation source. The authors in 
course of their irrigation experiments at Kalyani State 
Farm, where the soil is riverine sandy soil with 
shallow depth of only 6” or so, have experienced that 
the percolation loss is very high when surface irriga- 
tion is employed and the irrigation requirement of 
water consequently becomes too great. On the other 
hand the 10” tube-well from which the irrigation 
water is drawn can command much lesser area than 
the same size tube-well in other soil tracts. But with 
sprinkler irrigation it was found that. considerable 
water economy results. Then again sprinklers have 
found to be successful in irrigating undulating and 
uneven lands, levelling of which would mean consi- 
derable expenses. 

In order to find out answers to the above problems, 
the authors took up the work of designing one 
sprinkler irrigation set which would be cheaper and 
efficient for the conditions here. Commercial sprinkler 
sets are available in the market but they are prohibi- 
tive in cost, average price of a set being approximately 
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Rs. 1,050-00 for 300 ft. of 2” pipe. It is estimated 
that the present design would cost approximately 
Rs. 3,00-—00 for 300 ft. of 2” pipe, when produced 
commercially and it employes ordinary 5h.p. pump- 
ing set, quick detachable-couplings and locally rolled 
thinner gauge perforated pipes. Two inch sheet metal 
pipe with the hose couplings cost approximately 
Rs. | — 00 per ft. 


How Sprinkler Irigation Works? 

Sprinkler and surface irrigation schemes require 
plentiful and reliable sources of water and must pro- 
vide conveyance to the land and means of distribut- 
ing water over the soil. 

Sprinkler irrigation methods employ pressure to 
convey water through pipelines and operate devices 
for distributing water on the soil in the form of 
gentle rain. Water pressure is ordinarily provided by 
pumps but frequently the water source is at a level 
high enough to provide the necessary pressure from 
gravity. This would be true in the rolling hill coun- 
try of India, especially for irrigating orchards and 
vegetable plots in the Northern Himalayan regions 
such as Darjeeling districts. 

Water is conveyed from the pump to the field in 
what is commonly called main-line pipe. A sprinkler 
pipe line is then attached to the main line at right 
angles and laid across the field to be irrigated. Detach- 
able couplings make it possible to move the sprinkler 
pipe line from one position to another to cover the 
field being irrigated. 

Light weight pumping units can be used on the 
smaller acreages. Small capacity pumps- can be used 
on shallow tube wells in many areas. Excess water 
from irrigated land or water accumulated in low areas 
during monsoons can be pumped and re-used in irri- 
gation schemes. Of course, electric power is not yet 
readily available in the rural areas of India. Powerine, 
petrol and diesel engines can be used for operating 
centrifugal pumps to deliver water from shallow tube 
wells or reservoirs. Electric motors can be directly 
connected to centrifugal pumps to operate sprinkler 
systems. A wide range of pressures and capacities are 
available in centrifugal pumps. Aluminium pipe lines 
with revolving sprinklers attached are used to irrigate 
high income crops. Pipe made of aluminium is coupled 
and uncoupled by hand labour in most instances. 
Thirty to forty foot lengths of aluminium pipe are 
easily carried by hand. 

Perforated pipe and revolving sprinkler systems are 
the common types. There are many variations of the 
revolving sprinkler schemes ranging from sprinkler 
heads that discharge from 4 gallon per minute to the 
giant ones which deliver over 600 gallons per minute. 
Incidentally, this big sprinkler would handle the total 
discharge of many of the deep tube wells in West 
Bengal. 


The perforated pipe sprinkler system is discussed 
in more detail in this paper. This system eliminates 
the need of revolving sprinkler heads since water is 
sprayed from the pipe by means of small holes drilled 
in a predetermined pattern. The authors first con- 
sidered the possibility of using the thin wall type of 
bamboo as pipe since it is available in most parts of 
India at low cost. Thin wall type of bamboo is under 
test at Birla College of Agriculture for use as per- 
forated pipe sprinkler system. The partitions (nodes) 
in the bamboo can sometimes be broken out with a 
strong pole. A hot iron can also be used to burn out 
the nodes. Small holes are drilled in the bamboo 
pipe in a predetermined pattern to give proper dis- 
tribution of water. 


It was soon discovered that a metal processing plant 
north of Calcutta was equipped to roll pipe out of 
light gauge galvanized sheet metal at a price com- 
petitive with bamboo. Some field tests have been 
made which has encouraged the authors to continue 
the work further. The. pipe is coupled together with 
rubber hose pipe and clamps thus making an inexpen- 
Sive coupling device. 


One of the facts in designing sprinkler systems is 
to provide a coupling device that permits lengths of 
pipe to be moved from one setting to another in the 
field. Since perforated pipe systems operate satisfac- 
torily at low pressures the authors have learned that 
an inexpensive couplings can be made of rubber hose 
pipe and clamps similar to that used on water cir- 
culating system on automobiles. Water can be sprayed 
a total distance of 25 to 30 feet at pressures less than 
10 pounds per square inch. The amount of water 
applied on the land can be controlled by the size of 
holes drilled in the pipe, their spacing, and the 
pressure in the system. 


Experiments are in progress to determine the cor- 
rect size of holes and spacings to get a required 
amount of water. A chart prepared showing amount 
of water obtainable with different sizes and spacings 
of holes will enable one to quickly choose the 
sprinkler set required for his specific purpose. Tests 
are made on 2” sheet metal pipe with the hose coup- 
lings. Further tests will be made on 3” and 4” pipe. 

Chief advantages of the perforated pipe sprinkler 
system are: 


1. Low in first cost. No separate sprinkler heads 
are required. 


nN 


Adapted to sandy soils where percolation 
water losses would be high with surface 
methods. 

3. Adapted to uneven land where top soil is too 
shallow to permit levelling for surface irriga- 
tion. 

4. Seed germinating is faster and better. Surface 

irrigation often floats seed to low end of field. 
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pA 


Spread in 


No land is taken out of production for irriga- 
tion ditches. 


Unskilled labour 
sprinkler system. 


can irrigate with this 


More uniform distribution of water. More 
land can be irrigated therefore with a limited 
water-supply. Sprinkler systems often used 25 


PERFORMANCE CHART OF PERFORATED PIPE 


Pressure 


GPM 9 


to 50 per cent less water than surface methods. 
Trials have been laid out to determine the 
water economy resulting from sprinkler irri- 
gation compared to that of surface irrigation 
in irrigating a crop of rice, wheat, and potato 
in the sandy soil tracts. Trials will be con- 
ducted from next season at Kalyani State 
Farm in West Bengal. 





Feet. and 2-inch 3-inch . 4-inch 
Volume 50 100 150 200 250 250 300 350 400 400 450 500 550 
(Length of line in feet) 
30 P 11 11 12 12 14 1] 12 12 13 11 11 12 12 
(110/in*) 

GPM 11 21 31 42 54 51 62 73 84 83 93 104 113 

28 P 10 10 11 11 13 10 11 11 11 10 10 11 11 
GPM 10 19 30 40 52 48 59 69 80 79 89 99 109 

26 P 8 8 9 9 10 8 8 9 9 8 8 9 9 
GPM 9 17 26 35 47 44 53 62 71 70 79 88 97 

24 P 7 7 7 8 9 7 7 8 8 7 7 8 8 
16 25 33 44 41 58 5 90 


50 : 








(Continued from page 12) 
THE MAHI PROJECT 


Proposed Crop-Pattern : 


(i) Kharif Rice: Fine 


40,000 Acres 


Coarse 1,00,000 Acres 


(ii) Rabi Seasonals 


(iii) Other Kharif 
(iv) Flooding 


Wheat 20,000 Acres 
1,50,000 Acres 


1,25,000 Acres 


(v) Tank irrigation in 


Cambay and Ma- 
tar Talukas 25,000 Acres 


Total 4,60,000 Acres 
Intensity of irrigation 70.9% 
Reliability of success 74% 

B—OTHERS 


Material of which 
the weir is 


constructed 


Type of Masonry 


Hard, tough, fine grained 
granite stones. 

Uncoursed rubble masonry 
in red cement mortar 1:4 
(cement surkhi mix) with 3 
feet thick Khandki facing 
on the upstream. 


Specific Gravity 


(a) Masonry 2.5 
U plift pressure allowed 
for the design 50% 
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IV Preparation for Submergence of Area 


Above the Weir 


Land submerged : — 


(a) Left Bank :— 


(b) Right Bank :— sores 
Dislocation : — 


(a) Villages :— 
(b) Population : — 
(c) Houses :— 


Pick-up-Weir : 


9 villages 
7,000 
800 (approx.) 


V Costs: (Exclusive of Centage Charges) 


(under revision) 
Rs. 


* 
223.16 Lacs 


Main Canal & Bran- 


ches : — Rs. 1,109.65 Lacs 
Distributaries : Rs. 700.30 Lacs 
Special Tools & 

Plants :— Rs. 38.00 Lacs 


VI Revenue and Returns 


Water Rates Rs. 21.5 Lacs 
Betterment Levy Rs. 1,625.00 Lacs 
Irrigation Cess Rs. 16.25 Lacs 
Percentage return at the 
end of 10th year after 

completion 1.87 


VII Other Benefits 


Additional food 


Production 


Other 


1,31,000 tons 

Better standard of living; 
fish culture and recreation 
centre. 
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Gates for galleries, bottom outlets 
and turbine inlets, as used in dams 
and high-head power plant installa- 
tions, are an M.A.N speciality of 
which the hydraulic and static aspects 
are treated with the greatest atten- 


tion to detail. 


Our range includes 


vertically moving and sloping path 
gates of both the plain sliding and 
rolling type with either mechanical 
or hydraulic operating gear. 


Ca oZ\° LX) also supply 


SLUICE GATES 
ROLLER GATES 
RADIAL GATES 
FISHBELLY FLAPS 
FLAP GATES 
SECTOR GATES 
DRUM GATES 


DOCK AND LOCK 
GATES 


ESCORTS LIMITED 


PRATAP BUILDINGS - 


CONNAUGHT CIRCUS - NEW DELHI 


Branches : CALCUTTA - BOMBAY - MADRAS - PATNA - KANPUR 


CPH/HO/ 110/60 
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Chemical Analysis of 


J. Walter 
Executive Officer 
and 


S. Muthukumaran 


Research Officer 
Soii Mechanics and Research, Madras P.W.D. 


Cement manufactured in Madras State 


A Statistical Review 


HE CONCRETE AND SOIL LABORATORY, WHICH IS A 
‘Eee organisation of the Madras State P.W.D. 
is engaged in conducting routine tests on concrete, 
soils and other Engineering materials along with 
research work on evolving suitable methods and mate- 
rials for problems connected with Engineering. As 
such, various materials like cement, concrete and soils 
used as building materials in addition to-‘Surki’, gun 
powder, etc. used in the construction of projects are 
received in this laboratory for tests in order to exa- 
mine their suitability for use in the above works. 
Among these are a large number of cement samples 
used in the construction of various projects in Madras 
State and other Institutions in South India and 
for these cement samples complete chemical ana- 
lysis using standard methods are done to examine 
their conformity to specifications. Whenever a new 
consignment of cement is received in a project a 
sample is usually sent to this laboratory for tests, and 
most of these test results of cements received during 
the course of the past ten years are compiled. After 
the compilation an attempt to analyse these results 
using statistical methods has been made and statistical 
values are arrived at and certain conclusions are 
drawn. 


Tests on Cements—Testing Procedures 


In the Concrete & Soil Research Laboratory the 
routine chemical analyses have been conducted mainly 
as per methods laid down by the A.S.T M. Since then 
the Indian Standard Specifications and testing proce- 
dures were published and these are being adopted 
now. As a routine the following constituents are esti- 
mated together with the determinations, given under 
serial No. 7 & 8 below:—{1) Silica as Silican—di- 
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oxide (SiO,) (2) Alumina as Aluminium oxide 
Al,O,) (3) Iron as Ferric oxide (Fe,O,) (4) Calcium 
as Calcium oxide (CaO) Magnesium as Magnesium 
oxide (MgO) (6) Sulphates as Sulphur-tri-oxide (SO,) 
(7) Acid Insoluble residue determination (8) Loss on 
ignition determination. All these results are expressed 
as percentages. A brief outline of the procedure is also 
indicated below. 


SiO, is determined by treatment of the cement with 
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acid, evaporating on water bath, baking in an oven, 
filtering and weighing the ignited residue (Treatment 
with HF of the residue obtained as done to estimate 
the impurities). 
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Al,O, and Fe,O, (Aluminium and Iron oxide)— 


To an aliquot of the made up filtrate from silica 
determinations, Ammonium Hydroxide is added to 
precipitate iron and alumina and the precipitate, 
filtered, ignited and weighed as Al,O, plus Fe,O,. 

Fe,O, :—To another portion of the made up filtrate 
from (i) the method given above adopted but the ppt. 
of Al,O, plus Fe,O, is dissolved in hot H,SO, dilute 
and after the reduction of iron to the ferrous con- 
dition it is titrated against standard Potasium Per- 
manganate and iron estimated. 

CaO: To the filtrate above Ammonium oxalate 
and Ammonium Hydroxide are added and the cal- 
cium precipitated as calcium oxalate, and filtered. The 
precipitate dissolved in H,SO, (dil). made hot, titra- 
ted against Potasium Permanganate and Calcium 
oxide calculated. 

MgO: Magnesia is precipitated as magnesium 
phosphate by the addition of Ammonia and micro- 
cosmic salt to the filtrate above and the precipitate 
filtered, ignited and weighed as Mg,P,O,; from Mag,- 
P.O, the MgO value is calculated. 

SO,: The sulphate is precipitated as Barium Sul- 
phate by the addition of Barium Chloride to acidified 
cement solution in which the insoluble residue is 
already removed. The precipitate is filtered, ignited 
and weighed as BaSO,, from the value of BaSO,. 
SO, is calculated. 

Insoluble residue is estimated in a known weight 
of cement by treating the cement with hydrochloric 
acid, and digesting the residue with sodium carbonate 
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solution, filtrating the residue washing with HCI and 
weighing the residue after ignition. 

Loss on ignition: This is obtained by igniting a 
known wt. of sample for a definite period in a muffle 
furnace and estimating the loss in weight as percen- 
tage of the weight taken. 

The results of all these tests are generally calculated 
to the second decimal place for various cement sam- 
ples and are given in table No. I. 


Statistical Analysis 


The arithmetic mean, standard deviation and co- 
efficient of variance of the various constituents were 
determined and these are tabulated and shown in table 
No. 2. The median and the mode are also given in 
the same table. 


Discussion on Test Results 

The total number of analyses given in the table is 
25. Out of these 10 samples do not conform to the 
specifications. The distribution of values is also 
shown diagramatically in graphs Nos. | to 7. It is 
seen from table 2 the co-efficients of variance in the 
cases of SiO, (silicon-di-oxide) and CaO (Calcium 
oxide) are very low as compared to the other consti- 
tuents. 


Conclusions 


Such average values of the constituents of cements 
have been arrived at by the A.S.T.M. for American 
cements. Vide A.S.T.M. C.85 - 54. 

The percentage of cement in the sample is calcu- 
lated by dividing the corrected percentage of soluble 
silica found by the factors .2175 and the corrected 
percentage of soluble calcium oxide found by the 
factor 0.630 provided it is not known that the silica 
and calcium oxide contents of the cement differ from 
these values. Whenever possible, the known values 
shall be taken as the factors. 
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When the cement content determinations by the 
soluble Silica and the soluble calcium oxide proce- 
dures differ from each other the analyst is directed to 
accept the lower values. 


Similarly the mean values arrived at this labora- 
tory can also be made use of when a similar standard 
test is drawn up by the Indian Standards Institution. 
Similar compilation of test results in the other regions 
will also be helpful for the drawing up of test pro- 
cedures. However, the cautionary note given by the 
A.S.T.M. is to be borne in mind while adopting 
these values i.e. “that the test procedure is to be adop- 
ted for hardened portland cement concretes except 
those containing certain aggregate or admixtures 
which liberate soluble silica under the conditions of 
the test such as slag, diatomites and Sodium Sili- 
cates”. It is also to be noted that whenever possible, 
the known values shall be taken as the factors for the 
calculation of cement content. 


It is also interesting to note that the Calcium Oxide 
content as arrived by this laboratory namely 62.88 is 
very nearly the same as that arrived at by A.S.T.M. 
for their cement namely 63.0; though the Silicon di- 
oxide values differ considerably namely 21.75 for 
American cements and 23.28 for Madras cements. 

The mean values obtained are also useful as theo- 


retical values for the various chemical constituents 
of cements of Madras State. 
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STATEMENT OF THE RESULTS 











S.No Lab. No. Sources P.W.D., y 4 y 4 yA y ys % es Magne- 
Divisions Loss Acidin- Sulphur Silica Iron Alumina Calcium sium 
onigni- soluble trioxide oxide oxide 
tion residue % 
1 2 3 4 5 6 7 8 9 10 11 
1. 8.84/56 Manimuthar 1.36 0.80 1.63 23.68 3.45 2.95 63.11 2.99 
2. $.97/56 a 1.62 0.80 1.49 23.01 2.51 4.46 63.39 3.00 
3. $.112/56 S.ERH 1.23 0.84 1.48 23.00 3.03 4.80 63.23 2.49 
4. §.98/56 Manimuthar 1.50 0.70 1.45 22.80 3.31 4.90 63.62 1.73 
5. $.114/56 Periyar Hydro 
Electric Scheme 1.66 0.79 1.40 23.00 2.43 4.63 63.50 3.00 
6. S.116/56 Manimuthar 1.49 0.80 1.39 23.41 2.24 4.68 62.98 3.07 
7. S.111/56 Sathanur 1.65 0.49 1.33 22.60 3.98 5.42 63.52 1.02 
8. S.133/56 Dalmia 2.41 0.69 1.20 22.60 2.89 5.35 63.91 0.96 
9. $.131/56 S.E. Periyar H.E. 1.26 0.60 1.53 23.00 2.54 3.89 63.87 3.23 
10. S.121/56 Sathanur 1.57 0.58 4.37 22.31 4.38 4.70 64.25 1.04 
11. S.141/56 Manimuthar 1.12 0.95 1.18 23.00 2.55 4.79 63.28 3.50 
12. $.138/56 Sathanur 2.46 0.83 1.35 23.45 3.98 4.49 62.99 1.29 
13. S.152/56 Periyar 1.54 0.72 1.47 22.74 2.82 4.22 63.78 3.58 
14. S.148/56 Sathanur 1.44 0.73 1.53 23.03 3.60 5.68 63.36 1.09 
15. §.156/56 Manimuthar 1.19 0.58 1.41 23.93 3.03 4.13 62.48 3.18 
16. S.148 D/56 Sathanur 2.00 0.96 1.53 23.17 3.18 4.95 63.13 1.65 
17. S.158/56 Krishnagiri 2.28 0.70 1.15 22.32 4.46 3.77 63.96 2.15 
18. S.180/56 Vaigai Project 1.60 0.81 1.81 22.89 3.63 3.90 62.33 3.05 
19. $.155/56 P. H. E. 1.51 0.83 1.47 24.46 3.51 3.76 61.55 2.88 
20. S.179/56 o 1.28 0.68 ) Ry 24.52 3.38 3.43 61.84 2.61 
21. S.179A/56 i 1.20 0.88 1.62 24.03 2.61 4.87 61.67 2.50 
22. S. 182/56 Pe 1.31 0.77 1.62 25.10 3.13 3.51 62.34 225 
23. S. 182:2/56 i 1.43 0.79 1.45 24.80 2.85 4.97 61.60 1.95 
24. S. 149-D/56 Sathanur 3.30 0.94 1.55 23.00 3.39 4.52 62.24 0.87 
25. S. 149-D/56 __H. E. Scheme. 0.69 0.55 2 24.19 3.28 3.12 62.95 3.32 
26. S. 149-D/56 0.57 1.00 1.45 24.06 2.98 3.03 64.00 2.65 
77.3% a 0.70 0.62 1.36 23.90 2.90 3.78 64.18 2.50 
28. 149/56 Sathanoor 3.43 1.04 1.51 24.03 3.77 2.97 62.86 0.63 
29. 188/56 P. H. E. Scheme. 1.01 0.78 1.60 24.33 2.37 3.31 64.10 2.57 
30. S. 210/56 Manimuthar. 1.07 0.95 1.59 23.06 2.79 5.00 63.08 2.82 
31. 21 S. E. P. H. E. Scheme 1.18 0.91 1.36 24.54 4.22 2.08 62.76 2.48 
32. 22 - 1.52 0.86 1.32 24.36 4.00 3.42 62.44 2.04 
33. 234/56 Manimuthar 1.32 1.12 1.85 24.82 3.49 2.84 62.40 2.07 
34. 23 P. H. E. Scheme. 1.10 0.56 1.48 24.39 3.15 3.00 63.25 2.57 
35. 24 a 1.28 0.78 1.59 23.85 3.25 3.11 64.00 2.43 
36. 154/56 Sathanur 2.76 0.96 1.34 21.98 3.77 5.04 62.87 1.09 
37. 170/56 - 3.09 1.25 1.32 22.57 3.57 4.62 62.61 0.82 
38. 190/56 a 2.71 1.07 1.83 23.16 3.20 3.91 63.42 1.24 
39. 200/56 em 2.22 0.85 1.20 22.39 3.98 3.39 62.72 2.87 
40. 25 P. H. E. Scheme 1.81 0.67 1.25 24.73 3.00 3.71 61.28 2.61 
41. 26 os 1.29 0.68 1.29 24.74 2.32 3.94 63.60 1.66 
42. S. 243/56 Manimuthar 1.59 0.76 4.52 24.15 2.83 4.11 62.44 2.45 
43. S. 263/56 pe 1.55 0.84 1.56 24.24 2.45 3.33 63.26 2.10 
44. S. 204/56 Sathanoor 2.72 0.60 1.79 23.25 5 4.42 62.61 1.32 
45. S. 206/56 os 2.53 0.55 1.63 22.24 2.98 5.32 63.77 1.22 
46. 27 Periyar H. E. Scheme. 1.53 0.89 1.77 22.58 3.36 3.51 63.45 2.34 
47. 28 Periyar Hydro 
Electric Scheme. 1.61 0.59 1.30 23.71 2.68 4.46 63.60 2.19 
48. S. 228/56 Sathanur 6.08 0.97 1.71 22.16 2.87 4.08 59.14 2.62 
49. S. 248/56 Krishnagiri 2.78 1.07 1.82 22.45 4.07 4.38 62.23 1.23 
50. S. 242/56 Sathanur 1.04 0.56 1.49 23.00 5.28 4.31 62.73 0.84 
51. S. 300/56:1 E.E.M.E.S. 2.49 1.04 1.80 23.82 3.16 4.56 61.63 0.81 
§2. S. 300/56:13 i 2.40 0.86 1.63 23.60 3.20 4.72 62.22 1.02 
53. 29 P.H.E. Scheme 2.26 0.71 1.44 23.48 3.14 3.81 61.95 2.34 
54. 30 ms 2.11 0.85 1.70 23.95 3.30 3.93 61.90 2.30 
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TABLE No. 1. STATEMENT OF THE RESULTS—Contd. 

S.No Lab. No. Sources P.W.D., yA % , yA A % % Magne- 
Divisions Loss Acidin- Sulphur _ Silica Iron Alumina Calcium sium 
onigni- soluble trioxide oxide oxide 
tion _ residue % 
1 3 4 5 6 7 8 9 10 11 
35. 257/56 Sathanur 1.58 0.45 1.44 23.24 4.18 4:27 63.79 1.20 
56. S. 258 ~~ 2:34 0.80 1.42 23.19 3.88 4.44 62.91 0.91 
57. S. 288/56 Manimuthar 1.84 0.66 1.75 23.37 2.89 4.43 62.79 2.42 
58. S. 320 a 1.54 0.78 1.24 24.24 3.61 4.44 62.03 2.26 
59. S. 321 Gannon Dunkerly 2.19 1.07 Ry 22.58 3.93 4.50 63.11 1.07 
60. S. 337/56 Manimuthar 1.63 0.76 1.87 23.00 2.86 3.83 61.83 2.36 
61. S. 353-D1/56 Sathanur 2.64 0.56 1.15 23.47 4.19 4.07 62.79 1.24 
62. 353-D2 Sathanur 2.63 0.86 2.04 22.83 3.96 3.93 62.26 1.36 
63. S. 367 Manimuthar 1.24 0.78 1.38 24.46 2.91 4.12 62.65 2.22 
64. 353-D3 Sathanur 2.02 0.57 1.36 23.18 4.24 3.93 63.22 1.48 
65. 376/56-D4 ‘i 2.21 1.06 1.14 23.78 3.33 3.70 63.04 1.76 
66. D. 5. ‘“ 2.29 0.85 1.17 23.64 3.53 4.38 62.36 1.59 
67. 390/56 M. E. S. 1.68 0.91 1.01 22.93 4.04 4.63 63.25 1.81 
68. 376/56. D6 Sathanur 3.13 0.82 1.14 23.67 3.33 4.67 62.05 1.26 
69. D. 7 - 2.74 0.90 1.15 23.60 3.03 4.47 62.88 1.29 
70. D. 8 ™ 2.70 0.67 1.18 23.68 4.39 3.58 62.50 1.40 
71. S. 397/56 Manimuthar 1.91 0.74 1.34 22.97 2.64 3.61 62.98 3.63 
72. S. 414/56 ‘o 1.37 0.58 1.55 24.00 335 3.29 62.92 2.92 
73. S. 412-D1/56 Sathanur 3.78 0.69 1.39 22.67 3.09 3.70 62.03 1.48 
74. D. 2 “ 1.63 0.73 1.91 22.42 3.06 5.36 63.45 2.20 
Ts: 408/56 Vaigai 1.27 0.73 1.28 24.00 3.83 3.65 62.36 2.95 
76. S. 416-D3/56 Sathanur 2.63 0.81 1.34 23.93 4.25 3.67 62.10 1.27 
Th 474/56 M. E. S. 2.58 0.79 . 2.39 24.00 4.32 3.85 61.16 1.74 
78. 416/56-D4 Sathanur 3.20 0.60 1.31 23.49 3.38 4.72 62.12 1.41 
79. S. 475/56 Manimuthar 1.89 0.92 1.31 23.63 2.02. 4.01 62.65 3.45 
80. S. 416/56-D5 Sathanur 1.96 0.58 1.40 23.55 3.68 4.59 62.69 1.49 
81. S. 462/56 ‘i 2.53 0.78 1.69 22.20 3.63 3.40 63.13 2.42 
82. S. 525/56 M. E. S. 2.37 0.65 1.25 23.31 3.14 4.40 63.02 1.79 
83. S. 461/56 Manimuthar 2.30 0.78 1.71 24.18 2.56 2.95 64.19 1.38 
84. S. 529-D5/56 Sathanur 2.82 0.63 1.38 23.46 3.15 3.78 62.29 2.10 
85. S. 577/56 Manimuthar 1.72 0.96 1.26 23.48 3.52 3.25 62.69 3.13 
86. S. 529-D4/56 Sathanur 2.42 0.65 1.09 23.48 3.91 3.97 63.17 1.38 
87. S.  529-D1/56 - (1957) 1.30 0.92 1.44 24.72 3.20 5.24 61.80 1.39 
88. S. 540 Manimuthar 1.96 0.87 1.47 22.47 4.57 3.73 62.37 2.89 
89. 5§29-D2 Sathanur 2.49 0.99 1.18 23.30 3.36 3.78 63.23 1.67 
90. 5$29-D3 is Rint 0.80 He 23.43 4.20 3.10 62.38 2.08 
91. 576-D1 ee 2.36 0.97 1.96 23.13 4.35 3.43 61.60 1.93 
92. 576-D2. na 2.61 0.99 1.20 24.00 3:49 4.19 62.29 1.60 
93. S. 617/56.D1 - 2.21 0.71 1.18 22.54 3.83 4.56 63.06 1.64 
94. S. 653 Vaigai 1.72 0.57 1.71 22.04 3.70 3.80 63.40 3.15 
95. S. 617-D2 Sathanur 2.70 1.20 1.65 23.80 3.45 3.83 61.19 2.17 
96. K. 11/57 Vagai 2.03 0.66 1.13 23.00 2.75 4.72 64.00 2.00 
97. K. 12/57.D1 Sathanur 2.78 0.48 2.48 23.74 2.20 4.53 61.77 2.30 
98. K. 12/57-D2 mm 2.34 0.80 1.41 22.25 3.54 4.51 63.56 1.54 
99. K. 39 M. E. S. 1.81 1.19 1.12 22.79 4.00 4.63 62.06 1.99 
100. S. 652/56 Manimuthar 1.82 0.98 2.27 22.08 3.97 3.92 63.42 1.75 
101. 42/57-D1 Sathanur 1.60 1.25 1.62 23.35 4.51 3.90 62.44 1.35 
102. D2 ‘ 1.74 0.99 2.15 23.90 4.02 3.98 62.29 1.08 
103. 42/57-D3 a 1.97 1.04 1.63 22.99 4.58 3.12 63.08 ° 1.82 
104, 23/57 Manimuthar 2.41 0.90 1.84 23.32 3.56 4.14 61.84 2.39 
105. 59/57 os 1.54 0.98 2.31 22.20 4.11 3.97 63.06 1.99 
106. K. 102/57 M.E.S. 2.15 0.96 2.52 22.58 4.06 3.95 62.24 2.00 
107. 123/57-D1 Sathanur 2.11 0.76 2.50 22.90 3.85 4.03 63.59 1.71 
108. 123/57-D2 om 1.59 0.96 1.58 22.43 3.73 4.86 63.71 1.30 
109. 123/57-D3 ‘ 1.83 1.44 1.43 23.21 3.95 4.38 63.10 1.65 
110. K. 151/57 Amarvathi 1.33 0.55 1.00 24.84 3.26 4.01 63.33 2.08 
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TABLE No. 1. STATEMENT OF THE RESULTS—Contd. 














S.No Lab. No. Sources P.W.D., % % >A Yo % Yo 7 Magne- 
. Divisions Loss Acidin- Sulphur Silica [Iron Alumina Calcium sium 
onigni- soluble trioxide oxide oxide 
tion residue yA 
| 2 3 4 5 6 7 8 9 10 11 
111. K. 117/57 Manimuthar 1.62 0.71 1.10 22.13 3.88 3.66 63.25 3.40 
112. 165/57 Vaigai. 1.66 0.86 1.60 22.81 2.75 5.04 61,50 3.12 
3. KM. 205/87 be 2.17 0.95 0.88 22.79 3.05 3.99 61.50 3.80 
114. K. 248 M. E. S. 1.69 0.77 1.09 24.93 3.02 5.60 60.63 1.63 
115. K. 255/57-D1 Sathanur 2.53 1.49 2.45 25.57 2.84 3.91 58.86 1.61 
116. D2 ba 2.03 1.17 1.30 23.07 5.82 4.40 60.09 1.92 
117. K. 244/57 Manimuthar 1.33 0.94 1.88 23.10 4.8 4.3 59.9 3.5 
118. K. 216/57 Krishnagiri 11.50 2.1 1.6 22.1 tS 32 54.8 1.8 
119. 9 M. E. S. 2.3 0.84 1.44 24.60 3.19 3.30 61.55 2.33 
120. 10 vA 2.83 1.05 2.51 24.61 3.92 3.08 60.13 2.03 
121. 327 G. Cement 2.67 1.48 1.87 22.88 2.83 3.66 60.15 4.30 
122. 255/57-D3 Sathanur 2.15 0.99 2.00 24.42 3.90 4.12 61.06 1.35 
123. D4 a 1.46 0.91 1.50 23.82 3.90 3.48 61.25 Fa 
124. 166/57 Manimuthar 1.68 1.01 2.10 22.42 4.09 4.59 62.72 1.27 
125. 255/57-DS5 Sathanur 2.8 1.6 1.3 23.7 3.7 $5 59.5 1.0 
126. D6 _ 3.1 1.0 1.8 22.9 3:3 3.8 62.8 1.1 
127. 300/57-D1 Sathanur 2.4 1.7 2.1 23.0 4.9 3.2 61.7 1.8 
128. K. 257/57 Manimuthar. 0.62 1.11 1.50 23.24 ye 4.76 60.78 4.22 
129. K. 352/57 Vaigai 1.50 1.65 2.23 22.58 4.3 3.90 63.6 1.29 
130. K. 300/57-D2 Sathanur 2.08 1.13 1.66 23.82 4.0 4.60 60.04 2.65 
131. D3 3.18 1.29 1.77 23.62 4.28 4.74 58.55 1.66 
132. 1 2.03 0.97 2.32 23.32 3.56 3.52 63.19 1.65 
133. 2 ”" 3.02 0.97 2.32 22.22 3.50 3.59 63.19 1.82 
134. K. 402 Pondicherry 2.68 1.35 4.70 23.00 4.17 3.27 59.41 2.07 
135. x Sahtanur 3.35 1.63 2.48 23.03 3.33 3.39 61.87 1.40 
136. 4. 3.34 1.08 1.51 23.27 3.46 4.46 61.13 1.79 
137. 5. de 3.92 0.97 1.73 22.48 3.69 3.47 62.16 1.80 
138, K. 360 Manimuthar 1.46 0.65 1.07 22.75 3.73 3:66 62.22 3.54 
139. K. 426 e 1.70 0.93 1.67 22.57 3.44 3.06 61.44 4.08 
140. K. 457 Kundah 2.43 0.97 2.52 22.49 3.09 4.06 63.02 1.74 
141. K. 511 E.E.S.M. & R. 
Building 1.72 0.98 1.46 23.16 4.60 3.20 62.05 1.84 
142. K. 412/D1 Sathanur 2.64 1.04 1.56 22.38 4.66 4.30 61.90 1.25 
143. K. 447/57-D2 3.42 1.14 1.66 23.79 3.59 4.31 60.94 1.63 
144. K. 412/D2 3.32 1.09 1.55 23.56 4.06 2.93 60.94 1.78 
145. K. 412/D3 m 3.92 1.45 2.35 23.53 3.69 3.30 60.95 1.39 
146. 447/D4 Sathanur 2.72 1.20 1.57 22.92 4.32 3.73 60.95 1.05 
147. D5 2.94 1.36 2.02 22.70 4.24 4.10 61.22 1.41 
148. 447/D6 yy 1.24 2.25 24.02 3.83 4.15 60.13 2.10 
149. 467/57-D1 2.94 1.41 1.76 23.10 3.80 3.94 61.39 1.06 
150. 467/57-D2 4.39 1.03 1.66 22.08 4.58 3.50 60.50 1.67 
151. 514/D1 = 3.38 0.97 2.00 23.96 3.62 3.45 61.01 1.98 
152. K. 589 E. E. Basin Bridge 2.21 1.46 2.21 23.05 3.20 3.89 61.41 2.54 
153. K. 501/57 Manimuthar 1.61 0.98 2.23 23.89 3.34 5.21 60.00 3.25 
154. K. 447/D7 Sathanur 4.0 1.0 2.4 23.4 3.1 4.0 60.8 L.7 
155. K. 619-D1 3.25 1.10 1.76 23.26 4.26 3.67 61.19 1.83 
156. 619-D2 3.69 1.50 2.31 23.75 3.24 4.61 58.71 1.81 
157. 619-D3 2.74 1.10 1.83 23.47 4.20 4.00 60.27 2.52 
158. 619-D4 2.93 0.96 2.50 22.90 3.20 4.39 61.32 1.76 
159, 619-D5 ~ 2.35 0.99 2.40 23.03 3.58 3.84 61.39 1.86 
160. K. 588 Manimuthar 1.65 0.93 1.88 22.47 3.20 4.06 61.56 4.37 
161. K. 663 Vaigai 2.55 0.96 1.30 23.53 3.44 5.32 60.27 2.66 
162. 627-D1 Sathanur 1.65 0.90 1.26 23.02 3.21 4.19 61.46 4.37 
163. D2 Rs 1.49 0.70 1.13 22.94 3.98 3.05 62.61 4.08 
164. 649 Vaigai 1.66 0.74 1.55 23.25 3.28 2.93 63.45 3.68 
165. 709-D1 Sathanur 1.44 0.59 1.16 22.69 3.56 3.75 62.81 3.89 
ob) 
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S.No Lab. No. Sources P.W.D., A 4 %G we ys "4 — Magne- 
Divisions Loss Acidin- Sulphur _ Silica Iron Alumina Calcium sium 
onigni- soluble trioxide oxide oxide 
tion residue - 
1 2 3 4 5 6 7 8 9 10 11 
166. K. 721 Pondicherry 1.98 1.04 1.41 23.89 3.43 4.03 62.10 2.05 
167. 709-D2 Sathanur 1.85 0.63 1.13 22.35 2.59 3.43 63.64 3.84 
168. D3 ‘i 1.84 0.95 1.68 23.33 3.03 3.29 62.95 2.61 
169. D4 ‘ 1.95 1.11 1.23 23.61 3.25 4.97 62.13 2.00 
170. 689/57 Manimuthar 3.23 0.82 1.69 23.51 3.08 4.18 69.94 3.51 
171. 755/57 Vaigai. 1.93 1.14 1.47 23.32 3.27 4.98 61.30 2.93 
172. K. 690/57 Amaravathi 2.81 1.31 2.07 22.63 3.09 3.8 63.28 1.44 
173. 791/58 Coromandal & Co. 4.75 3.73 1.08 23.95 2.98 4.44 59.47 2.23 
174. 782/57 Vaigai. 3.40 0.86 1.23 22.16 2.04 3.47 62.90 4.58 
175. 812/57 ~ 2.31 0.73 1.44 23.28 2.20 3.19 62.54 4.57 
176. 784/57 Manimuthar 1.93 0.47 1.73 22.90 3.58 3.02 62.02 3.87 
177. 914/57 Vaigai 3.36- 0.61 1.18 22.71 3.48 3.20 61.76 4.14 
178. 984/57 ve 1.46 0.55 1.42 22.59 3.92 2.61 63.78 3.80 
179. 1061/57 Coromandal Engg. Co. 2.9 1.00 Zz 24.0 2.4 at 60.6 2.00 
180. 4/58 Secretariat Sub-Dn. 2.99 0.61 2.1 24.3 3.95 2.36 62.7 1.72 
181. L. 66/58 Cement M. E. S. 2.31 0.99 1.39 24.38 4.48 3.68 61.94 sae 
182. L. 56/58 Cement Vaigai pe 0.6 1.4 22.9 5 ie 5.6 61.9 3.5 
183. L. 98/58-D1 ee Vidur Ye 1.0 1.6 23.2 3.3 4.3 61.9 1.8 
184. 98/58-D2 _Vidur Project 2.7 1.1 1.7 23.2 3.9 3.5 62.7 1.6 
185. D3 te 25 1.3 1.4 23.4 3.8 4.0 62.5 1.4 
186. D4 = ye ‘2 1.5 23.4 32 5.3 61.3 2:3 
187. L. 234/58 M. E. S. 2.0 1.0 1.6 23.7 4.6 3.2 62.7 13 
188. L. 123/58 Vaigai Project 2.0 0.8 1.3 23.4 2.8 3:2 62.0 4.0 
189. L. 161/58 s px 0.9 1.3 23.0 2.8 4.5 61.9 3.7 
190. L. 307/58 Vaigai Cement 2.4 0.9 1.1 23.8 2.8 4.4 60.7 3.8 
191. 454/58 I. C. F. Perambur 2.4 0.9 1.2 24.7 3.4 3.0 62.4 1.7 
192. 332/58 Vaigai Cement ye 0.80 1.09 23.55 3.5 Ft, BA €0.77 4.47 
193. 453/58 P 2.1 0.7 1.6 22.6 3.9 2.9 62.2 4.1 
194. L. 561/58 Mackenzies Ltd. 25 0.9 1.7 os aw 49 4.9 61.6 2.0 
195. Lab. Cement 3.8 1.3 7 22.2 4.4 37 61.1 2.1 
196. L. 602/58-D1 Vidur 2.8 1.2 1.8 24.4 3.2 3.6 61.1 2.1 
197. D2 2.8 2 2.0 23.0 4.2 4.1 61.8 13 
198. ~° 642/58 M. E. S. (Dalmia 
cement) 1.8 1.0 1.5 24.0 4.8 3.4 61.0 1.6 
199. 691/58-D3 Vidur 2.3 1.3 1.9 23.0 4.2 4.3 61.4 2.0 
200. 691/58-D4 3.8 1.0 1.2 24.4 3.6 2.9 60.9 Oy 
201. L. 798/58 Dalmia 3.7 0.9 1.4 23.6 4.3 4.9 60.5 1.5 
202. Cement Cement A. C. C. 2.7 0.5 1.1 24.8 3.5 2.9 62.6 1.8 
203. L. 747/58 Dalmia Cement 
M.E. S. 2.8 1.1 1.5 24.0 4.0 3.8 60.3 22 
204. C. Concrete Lab. pe 1.0 1.6 24.0 3.7 4.6 61.2 1.6 
205. 691 DS _ Vidur Project 3.4 1.0 1.5 23.7 3.3 4.8 60.4 1.7 
206. 682/56-D6 ‘6 33 ti15 ‘Zz 23.31 3.67 3.88 60.29 1.34 
207. Concrete (3.C.B.1.P.) 2.4 13 1.6 23.5 4.0 3.6 62.6 £5 
208. L. 3/59 Cement S.D.0.M.M.C. 2.0 3.4 0.9 23.0 3.6 3.4 61.7 1.7 
209. 709/58-D7 Vidur Project 3.6 1.4 1.4 23.3 a5 4.0 61.6 1.0 
210. D8 ‘i 3.3 1,8 1.5 24.0 3.9 4.6 60.9 0.9 
211. Cf. €EB.iP: 2.0 1.4 1.3 23.2 3.8 4.2 62.2 2.3 
212. A. 17/56 Manimuthar 1.50 0.64 1.40 22.4 1.50 4.80 63.4 4.70 
213. A. 19/55-1 Shanher Brand 1.29 0.43 1.4 22.4 2.0 4.8 63.0 4.6 
214. A. 19/55-2 re 1.30 0.61 1.5 227 2.5 4.2 62.5 3.7 
215. A. 26/55 Manimuthar 1.40 0.65 1.47 24.5 1.14 6.3 65.6 4.29 
216. A. 47/55 a 1.56 0.75 1.51 23.1 1.07 5.85 62.0 4.53 
217. A. 55/56 me 1.8] 0.61 1.41 22.7 2.10 4.40 63.3 2.97 
218. A. 61/55 Manimuthar 1.29 0.80 1.55 21.0 3.5 4.60 63.7 3.6 
219. A. 74/55 ‘“ 1.70 0.92 1.79 22.15 2.90 4.55 63.14 3.5 
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S.No Lab. No. Sources P.W.D., p A yA % % Fe yA Po Magne- 
Divisions Loss Acid in- Sulphur Silica Iron Alumina Calcium sium 
onigni- soluble _ trioxide oxide oxide 
. tion residue yA 
I 2 3 4 . 6 7 8 9 10 11 
220. 84/55 Manimuthar 2.03 0.65 1.70 20.90 3.38 4.10 61.90 3.6 
221. 96/55 Sathanur 2.80 0.60 1.40 23.00 2.1 5.30 62.4 1.7 
222. A. 101/55 Manimuthar 2.50 0.69 1.70 22.4 2.70 4.70 63.0 3.20 
223. A. 123/55 " 2.30 1.44 2.00 22.5 2.80 4.80 63.2 3.54 
224. A. 138/55 Sathanur Dam 2.00 0.60 1.5 22.8 2.70 5.60 64.4 1.20 
225. A. 153/55 Pe 2.40 0.60 1.3 22.6 2.80 4.90 64.3 1.00 
226. A. 161/55 Sathanur 2.70 0.42 1.23 22.94 2.85 $.22 64.59 1.14 
227. A. 162/55 2.60 0.45 1.23 24.00 2.70 4.70 64.00 1.20 
228. A. 176/55 3.33 0.80 1.81 23.08 2.27 4.12 62.77 1.51 
229. A. 181/55 i“ 2.8 0.65 1.29 22.99 2.75 5.04 63.45 0.99 
229. A. 181/55-1 2.82 0.76 1.25 22.36 2.68 4.89 64.20 1.01 
230. A. 185/55 sie 2.41 0.55 1.15 22.88 2.94 5.06 64.00 1.07 
231. A. 192/55 m 1.53 0.53 1.66 23.00 3.30 5.00 63.33 1.52 
232. A. 200/55 “ 2.40 0.47 1.49 22.66 2.99 5.91 62.95 1.17 
233. A. 205/55 Manimuthar 3.26 0.68 1.54 22.00 4.50 4.60 62.00 1.40 
234. A. 204/55 Sathanur 3.07 0.51 1.10 22.48 3.54 4.19 63.56 1.63 
235. A. 218/55 2.71 0.48 1.60 22.96 3.00 3.63 63.71 1.99 
236. A. 225/55 is 2.15 0.30 2.46 22.81 3.37 3.92 63.43 1.46 
237. A. 249/55 3.09 0.44 1.69 22.48 3.60 4.90 62.60 1.70 
238. A. 254/55 - 2.79 0.39 1.44 22.88 4.50 3.80 62.90 1.48 
239. A. 263/55 a 3.22 0.51 1.91 22.94 3.31 4.83 61.91 1.35 
240. A. 229/55 Manimuthar 1.70 0.75 1.50 22.94 2.40 4.60 63.37 3.27 
241. A. 272/55 P 1.59 0.87 1.32 22.70 2.34 4.97 63.66 2.64 
242. A. 131/55 Sathanur 1.70 0.54 1.40 22.60 3.20 5.30 64.70 0.92 
243. A. 152/55 Manimuthar 1.64 0.49 1.79 23.04 2.90 6.04 63.57 1.92 
244. A. 137/55 ‘ 2.42 0.95 1.84 23.06 2.32 5.05 62.99 2.75 
245. A. 109/55 Sathanur 2.30 0.58 1.37 23.48 aa7 6.6 64.00 1.43 
246. A. 118/55 Sathanur a 0.55 1.4 23.6 2.10 6.7 63.7 1.20 
247. A. 133/55 ‘i 25 0.59 1.5 22.2 3.50 5.00 63.90 0.85 
248. Palayamkottai. 1.78 0.88 1.62 22.54 4.67 2.50 63.82 3.56 
249. 84/51 3:1 Manimuthar 1.91 0.93 1.72 22.84 3.64 4.05 62.56 3.96 
250. 84/51 3:2 . 2.09 0.89 1.69 23.31 4,29 2.91 62.90 3.56 
251. 100/51 Manimuthar 2.04 0.63 1.76 22.79 4.79 2.54 62.80 3.35 
252. 101/51 Srivilliputhur 1.49 0.82 1.52 22.98 4.67 2.85 63.67 3.50 
253. 101/51 - 2.63 1.01 1.82 22.61 4.71 2.97 62.22 3.57 
TABLE No. 2 
STATISTICAL VALUES. 
Constituent Artithmatic Standard Median Co-efficient Remark 
mean deviation mode. of variation 
1. Acid Insoluble Residue 0.91 0.37 0.86 0.78 40.75 
2. Sulphur Trioxide. 1.58 0.40 1.51 b.SZ 25.56 
3. Silica 23.28 0.74 23.14 22.85 3.19 
4. Iron Oxide. 3.43 0.73 3.43 3.31 21.28 
5. Alumina. 4.08 0.80 4.06 3.80 19.71 
6. Calcium oxide. 62.88 1.28 61.98 61.70 2.04 
7. Magnesium oxide. 2.20 1.00 1.94 1.71 45.43 
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REYROLLE 
RELAYS 





All types The Reyrolle Light Engineering Shop 


for separate sale 


has been specially designed 
for the manufacture of 


relays and instruments. 







It includes, under one roof, 

its own machine-shop, 
plating-shop, paint shop, 
coil-winding and impregnation areas, 


assembly and testing areas, 


@® 2 4 ro. and separate sections 
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1S SUX and finished parts 


A. REYROLLE & COMPANY LIMITED - HEBBURN - COUNTY DURHAM 


- ENGLAND 


oe , . ce ” F 
Send your enquiries. and also for Indian made FH Switch & Fuse Gear, to : 


BURN & CO., LTD. 


CALCUTTA BOMBAY NEW DELHI KANPUR 


BOMBAY CO. (PTE.) LTD. 
MADRAS & SOUTHERN INDIA 
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"ENGLISH ELECTRIC’ 








Transformers 


Interleaved 


Windings 


Three 100 MVA, 13.8/132 kV generator transformers have been supplied 
to the Damodar Valley Corporation for its thermal power stations at Durgapur 
and Bokaro. These transformers incorporate the well-known and patented 
English Electric Interleaved Windings on the H. V. side to give uniform surge 
distribution. The illustration shows one of the two 100 MVA transformers 
at Durgapur. 

Under manufacture at present are three 125 MVA, 220/110/11 kV 
transformers for the Koyna Project, Maharashtra, and two 100 MVA, 
220/110/11 kV and two 99 MVA, 11/220 kV transformers for the Government 
of Mysore. 

The Company has also supplied three 100 MVA, 13.8/66 kV generator 
transformers to the Bhakra Power Station in the Punjab. 


THe ENGLISH ELECTRIC Company Limitep 


(Incorporated in England. Liability of Members Limited) 
New Delhi Calcutta Bombay Madras Lucknow 


EEC.73 
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S. Khristianovich 
Member, U.S.S.R. Academy of Sciences 
and 


L. Frenkel 


Head, Gas Turbine Bureau, 
Leningrad Metal Works 


Steam-and-Gas Turbine Power Plant 


Few UTE SUPREMACY IN LARGE-SCALE POWER 
generation up to now has belonged to the steam 
turbine power plant, which has afforded the simplest 
technique for using coal as fuel. 

Ihe high efficiency of modern steam turbine power 
plants is the result of decades of development in 
steam turbines, the introduction of new heat-resistant 
grades of steel, the raising of the steam temperature 
to 650°C and pressure to 325 atmospheres, the recur- 
rent intermediate heating of the steam, the perfection 
of the heat regeneration system, and so forth. 

All this has made a powerful modern electric plant 
very complex and expensive. Moreover, the attain- 
ment of a high vacuum at the end of the process 
requires rivers of water for cooling. 

Notwithstanding all the improvements in the equip- 
ment of power plants of this type, the steam boiler 
still suffers from a basic imperfection, since the fuel 
is burned in it at atmospheric pressure. Hence the 
very great size and large weight of boilers, which are 
the least reliable units of power plants 

The discovery of vast deposits of natural gas and 
oil in recent years has prompted a quest for new ways 
and means of making rational use of fuel in large- 
scale power generation, 

A radical improvement of power plant requires that 
the fuel be burned under pressure, with the combus- 
tion products passing through a turbine. Only in this 
way is it possible to recover the energy used to com- 
press the air feed to the furnace. 

The gas turbine, a new type of engine in which the 
fuel is burned under pressure in a small combustion 
chamber, appeared some twenty odd years ago, usher- 
ing in modern jet aircraft. But in the power industry, 
gas turbines have still not come into their own. This 
is due not only to the difficulties of introducing new 
techniques, 

What, then, is the matter? 

The gas turbine operates on a mixture of the com- 
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bustion products of fuel and air, with the air being 
used not only for burning, but also to reduce the tem- 
perature of the combustion products before the tur- 
bine. For this reason 4-5 times more compressed air 
than needed to burn the fuel has to be supplied to 
the turbine. This uses up much power. For instance, 
an installation with an effective output of 25,000 kW. 
must have a turbine power of 80,000 kW. 

At the same time gas turbines have some very valu- 
able features. They are more economical than steam 
turbine installations of equal power. They do not 
have a bulky boiler, and the expenditure of metal per 
kilowatt of effective output is much lower. A gas tur- 
bine installation can be started up very quickly. The 
building of gas turbine power plants requires less time 
and materials. These advantages should be utilized 
in low and medium power installations, 

However, in planning 1.2-2.4 million kilowatt 
plants, with 200-300 thousand kilowatt and even more 
powerful single generators, it is necessary to seek new 
solutions. 

The question naturally arises of pooling the merits 
of the gas and the steam turbine in creating an up-to- 
date powerful electric plant. This can be accom- 
plished provided the air is used only for burning the 
fuel, while the combustion products are cooled by 
evaporating water and superheating steam. 

This idea arose some time ago. Both in the U.S.S.R. 
and elsewhere work is underway on a steam-gas cycle 
resulting from a mechanical merger of the gas and 
the steam installations. In such a set-up the expan- 
sion of the combustion products and the steam takes 
place in the steam and gas turbines while the evapora- 
tion of the water and superheating of the steam are 
effected by heat transfer through the walls of pipes, 
just as in a boiler. For this reason the superheating 
of the steam to high temperatures in such installa- 
tions involves the same difficulties as in the present- 
day steam technology. On the other hand, these 
installations leave open the possibility of condensing 
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the steam, whose energy can serve as the main source 
of the generated power. Combined installations of 
this type appear to be progressive and will, probably, 
come to play a certain role in the power industry. 

But it is also possible to superheat steam to 750- 
800°C by a different technique, mixing it with the 
combustion ‘products. The turbine will in that case 
operate on a mixture of steam and gas. At pressures 
of the order of 70 atmospheres the power plant 
should have a very high efficiency, without any after- 
turbine steam condensation. The steam and gas mix- 
ture is subjected to deep cooling before release into 
the atmosphere. Besides this, the water and steam 
are used to screen the walls of the combustion cham- 
ber and to lower the temperature of the gases before 
the turbines. 

In this case the fuel is burned at a high pressure, 
and the air is used only to support the process of 
combustion. There is no longer any need for huge 
amounts of water for cooling. This makes the installa- 
tion more compact and substantially reduces the 
expenditure of metal per kilowatt of effective output. 
It also slashes the amount of building work necessary, 
mainly hydrotechnical. 

At first glance it might seem that installations of 
this type expel a very large amount of steam into the 
atmosphere. In actual fact, it is roughly the same as 
in the case of a modern steam turbine plant. 

One of the basic problems both in a steam turbine 
and in a gas power plant is purifying the process gas 
passing through the turbines of harmful admixtures 
which could cause the wear or fouling of the turbines 
and heat-exchangers. Technical investigations show 
that water purification in the cycle does not pose any 
new problems and can be accomplished quite inexpen- 





sively. The problem of preparing the natural gas, 
when this is used as fuel, is also solved without diffi- 
culty. 


More complicated problems arise when using 
sulphur-bearing masout. Sulphur-bearing masout can 
be gasified and purified of its sulphur, ash, and harm- 
ful admixtures, with the manufacture of valuable by- 
products, by using air under high pressure and the 
steam and heat generated in the steam-gas installa- 
tion. However, the creation of a system for gasifying 
and purifying sulphur-bearing masout under pressure 
requires considerable new research, which should pro- 
ceed parallel with the designing of the system. In 
future it should be possible to solve the difficulty, but 
very important problem of coal gasification likewise 
with the manufacture of valuable chemical by- 
products. 


Work .on the power-and-chemical utilization of 
solid fuel has been going on for many years, but the 
steam-and-gas cycle opens up entirely new possibili- 
ties in this field. Besides this, the combination of the 
steam-and-gas cycle with the preparation of the fuel 
for power and chemical utilization offers a radical 
solution of the problem of air pollution in the vicinity 
of big power plants. 


An analysis of technical and economic factors car- 
ried out by the Teploelectroproekt Institute shows 
that a kilowatt of nominal power at a steam-and-gas 
plant will cost 33 per cent less than at a modern 
steam turbine plant, while electricity will be 20 per 
cent cheaper. 

As for reliability, there is every reason to think 
that in due course it will not be inferior to that 
achieved in steam turbine technology. 


(Continued from page 30) 


FOUNDATION ENGINEERING: 


Designing of a Dam on a partly impervious and 
partly pervious Foundation by Dr. V. J. Patel and 
A. S. V. Ramu. 


Preventive Work of Mud Pumping Action on the 
Railroad (The underground device of the drain pipe) 
by Norio Takahashi. 

Treatment by Compaction of Non-Cohesive Foun- 
dation Soils H. Walkden, A. J. Watt and C. A. Pater- 


son. 
Seepage through on Earth Structure into a Filter 
considering Reverse Flow by M. E. Harr and Brahma. 
Testing Relative Efficiency of the Measures Adopt- 
ed for Foundation Treatment for dams by Electrical 
Analogy by S. D. L. Luthra. 


A Study of Uplift Pressure Distribution for Condi- 
tions of Dislocation of Sheet piles below a sluice by 
Electrical Analogy. 


A SYMPOSIUM 


E. Machine Foundations 

Laboratory Studies on Machine Foundations by 
H. A. Balakrishna Rao. 

The Effect of Vibration on Settlement by C. N. 
Nagaraj. 

The Damping Coefficient of Vibration of the Bal- 
last by Norio Takahasi. 

An Experimental Study of the Vibration in the 
Track No. | by Noro Takahasi and Hiroshi Kawa- 
shima. 

Review of Literature Concerning Behaviour of 
Foundations under Dynamic Loads by E. T. Selig 


F. Miscellaneous 

Safety in Foundation Design by Jacob Feld. 

The Working Methods of a West German Uni- 
versity Soil Mechanics Institute (Teaching, Research 
and Consulting Works on Subsoil Conditions and 
Foundations) by Prof. Dr. Ing. E. Schultze. 
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Late J. S. Claire 


Irrigation Works, Punjab 


Rationalization of Procedure 
For disposal of Surplus Machinery 


Revision of the Formula for Calculating 
Depreciation of Machinery 


HE DEPRECIATION OF THE MACHINERY IS CALCULA- 
je on the basis of 1/12th of the cost per year 
irrespective of the fact whether the equipment has 
been used to that extent or not, or on the basis of 
actual working hours, which ever is more. The for- 
mula for the calculation on the basis of 1/12th per 
year when the equipment has not been used on the 
project is unfair to the selling Project. It is natural 
that some of the equipment has to be purchased in 
advance of its utilization and some equipment has 
to be kept in reserve for meeting any exigency of 
the work. Therefore, the calculated depreciation of 
the machinery @ 1/12th, even if it is not used, is 
grossly unjust for the selling Project. On a Project 
like a Bhakra, where detailed accounts of the work- 
ing of machinery are kept, the only logical method 
is to calculate the depreciation on the basis of work- 
ing hours which is based on the life of the equipment. 
No depreciation appears to be justified when the 
equipment is not put to use. 

In case of equipment such as pumping sets and 
workshops machinery for which no depreciation ac- 
count is required to be maintained, the depreciation 
price should be arrived at by the purchaser keeping 
in view the present condition of the machinery and 
the market rate. The General Manager Bhakra Dam 
has already written to this effect to the Bhakra Con- 
trol Board vide his No. 9 155-57/BDA/474/54/Sub, 
dated 24.3.60 that according to the existing formula 
in certain cases the transfer price works out to nil 
value due to high standard of maintenance and due 
to the provisions of higher rate of major overhauls 
at Bhakra Dam, and such equipment is still in service- 
able condition. He has recommended that in such 
cases the transfer price of the mechanically operated 
equipment and electrical equipment should not be less 
than 25%, and 33%, respectively of the original 
cost. In such cases where the equipment has deterio- 
rated to such an extent that its repairs are not eco- 
nomical, its transfer price cannot be considered as 
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Nil as such machinery or equipment has some scrap 
value. The General Manager, Bhakra Dam has, there- 
fore, recommended that in such cases the transfer 
price should be fixed by a committee of two Execu- 
tive Engineers keeping in view the condition of the 
machinery and market price. One of the officers of 
the committee may be opted from the Central Water 
and Power Commission if necessary. It, therefore, 
stands to reasons that depreciation should be arrived 
at keeping all the above factors in view and the flat 
rate of depreciation @ 1/12th of the cost per year 
should not be forced on the selling project. The selling 
project should be allowed to fix a fair price keeping 
in view the condition of the machinery and the mar- 
ket rate, on ad-hoc basis for such machinery. 


Utilisation of Surplus Machinery to the 
Maximum Extent 

There is a general tendency amongst the project 
Officers to place order for new equipment although 
surplus equipment of the requisite specifications may 
be available on other projects. In certain cases the 
second hand equipment is in perfect and in excellent 
condition. It is, therefore, necessary to impose certain 
restrictions on the purchase of new equipment by a 
Central organisation so that the surplus equipment of 
a project is put to a maximum use. The Project autho- 
rities should not be allowed to purchase new equip- 
ment unless a clear certificate is obtained from the 
Central Water and Power Commission that the re- 
qu:red equipment is not available as surplus on any 
project. This will not only save foreign exchange, but 
will help the projects to dispose of their surplus 
equipment to other projects. 


Fixation of time limit for Reservation of Surplus 
Machinery for other Projects « 

The surplus machinery should be kept in an ex- 
cellent condition and perfect working order, after it 
has served the Project so that the buyer has no hesi- 
tation to purchase such equipment. The cost of such 


(Continued on page 34) 
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CA H 7 Your CAT-built tractor is no ordinary 
equipment. Its quality began on the drawing 


boards, and its design is backed by 50 years of 
CATERPILLAR experience and know-how. 

Then metallurgical engineers, after spe- 
cial research, selected the finest materials. 
Finally, quality manufacture was assured 
with regulated castings, correct heat treat- 
ment, accurate machining, controlled wel- 
ding and careful assembly. . 

It’s up to you to maintain this quality of 
your CAT-built tractor: replace with genu- 
ine CAT-built Parts on/y ! Made to the same 
high standards of quality, genuine CAT- 
built Parts will last longer, perform better 
on the job! 


CATERPILLAR* 


* CATERPILLAR and CAT are registered trade-marks 
of Caterpillar Tractor Company 
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Foundation Engineering: A Symposium 


A brief report of a symposium held at the Indian Institute of Science, Bangalore, from 12th to 14th January 1961. 


ITH THE IDEA OF PROVIDING A COMMON PLAT- 
Woes for the research engineers and practising 
engineers to discuss and exchange their views on pro- 
blems relating to foundations of structures, dams, 
machines, etc. in the light of the modern development 
in Soil Mechanics, a three-day Symposium was held 
at the Indian Institute of Science, from the 12th to 
14th of January 1961. When the idea of holding the 
Symposium was proposed by the Indian Institute of 
Science, the Indian National Society of Soil Mechanics 
and Foundation Engineering readily responded to co- 
operate with the efforts of the Institute. 


Dr. K. L. Rao, Member, Central Water and Power 
Commission, New Delhi, gave the Inaugural Address 
which incidentally was the first M.ct.M. Chidam- 
baram Chettiar Memorial Lectures. Speaking on the 
occasion, Dr. Rao was mainly dealing with the 
modern achievements in dam construction. He dealt 
with the need for conserving water which is the per- 
petual potentiality in the development of National 
Economy and even mineral resources of a country 
might have their limitations, but water had unlimited 
potentialities. The water resources of U S.A. and India 
were almost the same, but the amount of water effec- 
tively utilised in our country is not comparable to that 
of U.S.A. He traced how man in his efforts to con- 
quer nature had tried from the beginning of time to 
build dams and conserve water for power. He referred 
to the first efforts made in India at Krishnarajasagar 
to build a dam and utilise the water for power deve- 
lopment. The enormous efforts that the country has 
made during the First and Second Five Year Plans 
towards conservation of water is commendable in the 
light of similar developments in other parts af the 
world. In the matter of building dams more and 
more economically making the best use of engineer- 
ing materials, it was necessary that academic men 
gave the necessary leadership in original thinking. 

Continuing his talk on the second day (M.ct.M. 
Chidambaram Chettiar Memorial Lecture II), Dr. 
Rao traced the new approaches in the design in 
U.S.A., Switzerland, France and other countries. He 
pointed out how India is keeping pace with the world 
developments in water conservation and our efforts 
in the construction of huge masonry and earthen 
dams. 
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Earlier, Professor N. S. Govinda Rao welcomed 
the gathering and the delegates from various research 
stations and organisations to the Conference. He 
briefly reviewed the papers that had been received 
being presented at the Symposium. 


Rao also welcomed Mr. 
M.ct.M. Pithachi, son of M.ct.M. Chidambaram 
Chettiar in whose memory the Memorial Lectures 
had been arranged. M.ct.M. Chidambaram Chettiar 
Memorial Trust has endowed a large sum of money 
to the Institute in order that lectures from outstand- 
ing persons in different fields of engineering may be 
arranged from time to time at the Institute. This 
gesture was greatly appreciated and it was remarked 
how the need for maintaining the engineering and 
research atmosphere in the country was helped by 
such Endowments, 


Professor Govinda 


Having thus been inaugurated by the inspiring 
address of Dr. K. L. Rao, the Symposium started its 
first technical session under the Chairmanship of 
Brig. S. K. Bose, Director, Indian Institute of Tech- 
ology Bombay. There were in all 37 papers presented 
at the Symposium; 18 were from India and the rest 
from other countries like U.K. U.S.A., Israel, Japan, 
Canada and West Germany. The papers presented 
can broadly be classified under the following heads: 

(a) Theory and design of foundations: 

(b) Pile foundations; 

(c) Foundations other than piles: 

(d) Foundation treatment; 

(ec) Machine. foundations; 


(f) Miscellaneous subjects relating to foundations. 


On the first day, discussions were confined to sec- 
tions (a) and (b). Assistant Professor C. N. Nagaraj, 
who acted as Reporter reviewed the papers received 
under these sections. There were twelve papers in all 
in these two groups. It would have been more encour- 
aging if there were larger number of contributions on 
subjects like foundations for eccentric mass, for hori- 
zontal loads and also on comparative studies between 
the observed and computed statements. Among the 
papers received, there were three on swelling pres- 
sure, one on three-dimensional consolidation, “ne on 
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contact presssures and the rest on the laboratory 
investigations of soil behaviour, Physico-chemical 
approach to the prediction of soil strength, etc. 


The second technical session was held on the 13th 
of January under the Chairmanship of Mr. G. J. 
Moorhouse of the Cementation Company. Mr. B. V. 
Ranganatham, reviewed the papers relating to sec- 
tions (c) and (d). There were interesting papers on 
the problems of deep well sinking, foundations for 
power house and transmission towers, pre-loading of 
soils for heavy foundations and behaviour of circular 
arches on deformable foundations. There were three 
interesting papers on foundation treatment by injec- 
ton and by vibro-flotation. Field experience based on 
clay-cement grouting done in Kotah and other places 
and the use of electrical analogy methods for deter- 
mining the efficiency of foundation treatment were 
presented and discussed, 


The third technical session was held on the 14th of 
January 1961 under the Chairmanship of Mr. P. H. 
Vaidyanathan, Secretary, Indian National Society of 
Soil Mehanics. Mr. H. A. Balakrishna Rao review- 
ing the papers of sections (e) and (f) stated that there 
is a great need for studying dynamic properties of 
soil and he briefly reviewed the papers received. 
There were interesting discussions on the laboratory 
studies on machine foundations and on the effects of 
vibrations on settlements, both of which are based 
on experimental work that is in progress at the Indian 
institute of Science. 

Professor N. S. Govinda Rao in his concluding 
remarks expressed his thankfulness to the different 
sectional Chairmen, the contributors and the different 
organisations for having taken part in the symposium 
and enabled the Institute in carrying out successfully 
the programme. The response from various organisa- 
tions was very encouraging and it was felt that simi- 
lar symposia should be held frequently for the ex- 
change of views. He also stressed the importance of 
governmental organisations taking acidemic men also 
to have a share in the design of projects. This would 
enable the academic men to bring ideas of modern 
research into everyday practice. He thanked the 
Indian National Society of Soil Mechanics for the 
generous financial help in the matter of printing the 
Proceedings. Mr. P. H. Vaidyanathan also expressed 
his thanks to the delegates and others on behalf of 
the Indian National Society of Soil Mechanics and 
Foundation Engineering. 


[he symposium very well attended and 
attracted the attention of several local engineers, army 
engineers, research institutions, several engineering 
institutions and public works departments of different 
States. 


was 


A reception was held at a Lunch given by the 
Director of the Indian Institute of Science to the visit- 


ing delegates. 
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List of Papers 
A. Theory and Design 

Swelling Pressure Vs. Bearing Capacity of Black 
Cotton Soil by A. K. Deb. 

The Determination of the Permissible Soil-pres- 
sure by Means of Bearing-capacity Calculation and 
Settlement Analysis in Practice by Dr. Ing. Gunther 
Coesfeld. 

Thé Progress of Three-Dimensional Consolida- 
tion in an Anisotropic Clay Stratum by R. E. Gibson. 

Studies on the Behaviour of Building Founded on 
Clayey Soil by I. Kasiraj. 

The Influence of the Relative Stiffness of a Founda- 
tion on the Contact Pressure Distribution and on the 
Bending Moments by Dr. Ing. Edgar Schultze. 

A Physico-chemical approach to Analysis of Clay 
Soil Behaviour by Raymond Yong. 

Settlement Characteristics of Silt Under Loading 
by Raymond Young. 

Differential Settlement of a Silo by J. G. Zeitlen and 
I. Alpan. 

Investigation of Swelling Pressures of Clayey Soils 
by Soil Mechanics and Research Division. 

The Foundation Properties of a Stratified Sub-Soil 
by A. P. K. Tate. 

On a Problem in Pressure Distribution in Founda- 
tion Masonry by K. T. Sundara Raja Iyengar. 

Bearing Capacity of Clay Loaded with a Triangular 
Bank of Granular Material by B. V. Ranganatham. 


B. Pile Foundations 

The Resistance to Penetration of Concrete Piles by 
the Stresswave Theory by Donovan H. Lee. 

Laboratory Study on the Effect of Piling 
Shear Characteristics of Soils by P. Ray. 

C. Foundations Other than Pile Foundations 

Foundations on Rubbish Fills by Jacob Feld. 

Deep-Well Foundations for Gowthami Bridge by 
T. Achyuta Ramayya. 

Factors Governing the Design and Construction of 
Basement Floors in Buildings by G. Durga Prasad. 

Cone Penetrometer Test and its shortcomings with 
reference to founding 132 KV transmission towers in 
lower West Bengal by Hem Lal Saha. 

Foundations for Harduaganj Power House by H. D. 
Sharma and P. N. Pathak. 

Preloading for a Crane Foundation by Professor 
J. G. Zeitlen and Dr. G. Wiseman. 

Behaviour of Circular Arches on Deformable Foun- 
dations by K. V. Swaminathan. 


on the 


D. Foundation Treatment 
Foundation Studies for an Earth Dam on Lateritic 
Soils by B. C. Deb and Khanna. 
Foundation Treatment of Kota Barrage by A. N. 
Harkauli. 
Treatment for Dam Foundation by Injection by 
G. J. Moorhouse. 


(Continued on page 26) 
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NEW CATERPILLAR EQUIPMENT 


A rather novel “on site” working demonstration 
was given lately by Tractors (India) Limited, the 
Caterpillar dealers in North East India. The site was 
a new Open Cast Coal Mining Project in the heart of 
the northern Indian coalfields. This is the first private 
Open cast project in an area previously worked only 
by deep shaft mining. Through the courtesy and co- 
Operation of the owners and users of the equipment, 
the Porascole Coal Company, approximately 160 
mines Owners, managers and experts as well as a 
number of important government officials witnessed 
the demonstration. 


In view of the need for increased coal production 
under the Indian Government’s third Five-Year Plan 
and the probable availability of foreign exchange 
through U.S. Aid Loans, there appears to be con- 
siderable sales potential in the area concerned. The 
Porascole Coal Company who had been able to obtain 
a special import licence to purchase a new D8 Power 
Shift and two No. 619/442 Scraper Combinations, 
agreed to allow their equipment and site to be used. 
One further Caterpillar D8 Series “H” tractor with 
“U” dozer was loaned by a neighbouring project. 

The dealer chartered a special D.C. 3 aircraft to 
take twenty important invitees from Calcutta to an 
airfield adjacent to the site, in addition to arranging 
transport for additional guests from Calcutta and 
other centres. Many of the mine owners and man- 





Caterpillar D 8 Tractor with Power-Shift 
Transmission. 
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Right: Caterpillar D8 series ‘H’ Tractor, 
Left: Caterpillar D8 with Power-Shift. 


agers came in from neighbouring coalfield areas. 
The demonstration was arranged in the form of a 
“Theatre Review” programme, the star of the show 
being the Caterpillar D8 Tractor with Power Shift 
Transmission, this being the first model to be deliver- 
ed in Northern India. The programme was designed 
to make full use of the small “cast” of four machines 
and confined to I h. 15 mins. duration. A number of 
short sharp items were arranged to ensure that the 
attention of the audience was held throughout. 


The programme included items such as “The Cast 
Appears” (Opening remarks and the appearance of 
the equipment)—“The Race against Time” (A visual 
demonstration of how Power Shift selection gives 
extra production when opposed to a direct drive 
operated tractor}—Pushing for Profits” a 15 minute 
demonstration of push loading, the Power Shift 
Tractor pushing the two 619/442 Combinations 
alternately. These Scrapers were being loaded in 25 
to 35 secs. with a full heaped load of about 18 cubic 
yards (probably 20 tons) of overburden. They then 
moved away at high speed to spread their loads on 
the fill area 1,000 ft. away. Before this demonstration 
it was calculated that 262,000 cubic yards of earth 
had been excavated by three machines in about 35 
working days with no stoppages for repairs. The other 
D8 was seen working on the fill. This being plainly 
visible to the audience. Estimates of the Scraper pro- 
duction and other calculations were made on a black- 
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Demonstration of the Power-Shift Tractor push-loading and 18 cu.yd. Scraper. 


board by Mr. Bob Humpidge, the Caterpillar Fac- 
torys’ Earthmoving Specialist in India. 


The programme closed with the personal inspection 
by the guests of the equipment which was drawn up 
in front of their enclosure. At this time further special 
features of the D8s and the 619 Tractors and 442 
Scrapers were explained by members of Tractors 
(India) Limited’s Sales and Service staff. Queries were 
answered on a personal basis. 


The site provided an almost ideal setting for this 
type of demonstration. The opening included a 
dramatic appearance of the two D&s from a cut close 
by whilst the two 619 Tractors and Scrapers appeared 
at the same time at high speed from behind the 30° 
high fill. 


During the first part of the Demonstration, the 
equipment operated directly in front of the assembled 
guests whilst for the push dozing item, the Power 
Shift Tractor and the two Rubber-Tyred Rigs 
operated directly below them in the 25’ cutting w hich 
had already been excavated as part of the pit and 
where the first glimpses of the coal seam were becom- 
ing visible. The work in the cut below the spectators 
enabled them to obtain the best possible view of the 
quick filling of the Scraper bowls as well as the plac- 
ing of the equipment and the operation of the controls 
by the controls by the operators. This was particu- 
larly effective in the case of the Power Shift Tractor 
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which moved into position for pushing a “Scraper”, 
loaded it then backed up for the next with power and 
precision, 


The Power Shift Transmission features a simple 
power or torque divider that sends part of the engine 
power direct through to the transmission. The balance 
torque is transmitted and built up automatically 
according to the load through a torque convertor and 
on to the three special planetary geared transmission. 


This arrangement enables split second gear shifting 
under load without the use of any clutch. Such a 
transmission increases the efficiency of a track type 
Tractor 20 to 25%, and is ideal for dozing and push 
loading operations. This transmission is apparently 
available on other Caterpillar Tractors including the 
Big D9 Tractor and nearly all the new Traxcavator 
Shovels both track type and the rubber-tyred No. 922, 
No. 944 and No. 966 machines. 


Caterpillar D8 and D9 Tractors with special dozer 
blades and heavy duty Rippers are widely used for 
pushing, pioneering and ripping in open cast mining 
operations in the U.S.A. It is claimed that the latest 
Heavy Duty Rippers can often eliminate the need for 
blasting. They penetrate rock and also shatter the coal 
seam. The overburden is removed by High Speed 
Scrapers. The coal is loaded by Rear Dump or Bot- 
tom Dump units similar to the No. 619 Tractor 
demonstrated. 
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The New Equilibrium 


ON-UTILISATION of newly-created irrigation 
Pieaona in Indian agriculture has been the 
subject of animated discussion for quite some time. 
We ourselves have taken part in it. It is now esti- 
mated that hardly 75% of the irrigation potential 
created will be actually utilised by the end of the 
Second Five Year Plan. Why this is so when there is 
need for extension of irrigation on a large-scale has 
been discussed with a fresh angle by Mr. O. P. Anand 
in his article on “Some Aspects of Optimum Bene- 
fits from Utilisation of Irrigation Potential of Cham- 
bal Valley Project” in the Indian Journal of Agricultu- 
ral Economics, Vol. 15, No. 4. Major river valley pro- 
jects introduce a new factor, viz., irrigation on a vast 
scale in an hitherto unirrigated tract, thereby, disturb- 
ing the equilibrium conditions of agriculture there. 
Thus complete utilisation of irrigation potential of 
such a project entails the establishment of new equili- 
brium conditions in that area. 

The author in his contribution has discussed the 
various factors that primarily go to disturb the pre- 
vailing equilibrium with special reference to several 
districts within the Chambal Valley Project area. 
Such a study gives a full view of the new problems 
that have to be met in bringing about a new equili- 
brium. For example by removing the vagaries of rain- 
fall, irrigation introduces control on one of the major 
factors which affect intensity, crop pattern and yields. 
But unfortunately in India it has not been feasible for 
Indian peasants to increase the intensity of cropping 
appreciably on irrigated land. Intensity of cropping is 
100.2 in Bhind and Morena, 104.5 in Bundi and only 
90.1 in Kotah, while the introduction of irrigation 
should make it possible to increase the intensity of 
cropping on present cultivated area at least to 150 
in Bhind, 160 in Morena, 180 in Bundi and 130 in 
Kotah. It is also significant to note that in the tract 
to be covered by Chambal Project, jowar and bajra 
are destined to be totally eclipsed by wheat, barley, 
rice and maize crops. Generally the tendency on irri- 
gated tract is to substitute rice, maize, sugarcane and 
cotton crops for jowar and bajra and kharif pulses. 
Similarly gram, rabi oilseed and rabi pulses would 
give way to wheat and barley. 

The change in crop pattern and attainment of 
maximum targets for yield rates and intensity of crop- 
ping are ultimate aims, and irrigation is not the only 
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means to help achieve them. Resources constitute the 
next major group of factors after irrigation. The basic 
resources are land, human power and _ working 
animals, and these cannot increase at will. Consider- 
able attention is being paid to augment the supplies 
of credit, fertilisers and improved seeds, together with 
the dissemination of new improved cultural practices 
to farmers. But it is seldom realised that the various 
limitations which basic resources throw up provide 
major bottlenecks that frustrate efforts to improve 
agricultural conditions. An analysis of the population 
census and livestock census of the area under con- 
sideration shows that under both categories there is 
quite a substantial shortage of human labour and 
working animals under the new irrigation conditions, 
which is not likely to be met even upto 1970. On top 
of this there is a general trend of population shift 
from the village to the town, further weakening the 
human labour base in the villages. There may be 
pockets of surplus labour but it is extremely difficult 
to arrange their dispersal to deficit areas. 

Under these conditions, optimum utilisation of the 
irrigation potential would not be possible without 
some kind of mechanization of agriculture. To what 
extent such a process should be undertaken and what 
particular functions need to be mechanised are 
matters to be gone into after a more thorough study. 
There would also arise organisational and institutional 
problems of mechanization. 

With the agricultural development of the region, 
markets will expand and new markets will come into 
being. Also, new industries will crop up, like sugar 
factories and cotton-ginning mills. Roads and trans- 
port will open up the countryside. All this will have 
a general impact towards urbanisation. 


Thus a detailed study of the impact of irrigation 
facilities on a large-scale in a particular region indi- 
cates what a many-sided development takes place in 
the area. It would be interesting if each of the major 
valley projects, undertaken by the State or by the 
Centre, undertook to review the developmental posi- 
tion of the area. For, this will indicate the new tasks 
that face us after the construction of the engineering 
structures. 


The author concludes with the following recom- 
mendations in order to realise maximum benefits 
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from utilisation of irrigation waters, and these appear 
to be more or less applicable to other cases also. 

i. (a) Reclamation of waste lands, 

(b) Taking protective measures like levelling of 
land, soil conservation, removal of bushes 
and improvement in drainage system to 
avoid prospects for water-logging in certain 
susceptible areas. 

ii. Mechanisation of such operations which will 
either save labour or animal power or both, 
depending upon local conditions in each area. 
Introduction of improved tools and implements. 

iii. (a) Provision of adequate quantities of fertili- 

zers, improved seeds, tools and implements, 
and insecticides. 





(b) An extension agency to spread modern cul- 
tural practices and other know-how. 


iv. Extension of cheap credit to enable farmers to 
invest on new capital goods which are less 
costly and to fulfil their other requirements. 


v. Building of market centres, establishment of 
new communication lines and construction of 
highways. 

vi. Industrialisation—setting up of industries which 
draw raw materials from agriculture, e.g. sugar 
factories, cotton ginning and textile mills etc., 
and establishment of industries which provide 
the supplies required for agricultural develop- 
ment, e.g. manufacture of pumps, agricultural 
implements, etc. 





(Continued from page 27) 


RATIONALIZATION OF 


repairs which are required to put the equipment after 
use in perfect working condition should be borne by 
the purchaser. Since no time limit has been fixed for 
the disposal of machinery, the progress of disposal is 
slow. It is, therefore, proposed that the owning pro- 
ject should wait for a period of six months from the 
date of circulation of such machinery and if no 
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TAYLOR 


FOR 


demand is received even after the expiry of six 
months, it should be allowed to dispose of its surplus 
machinery and spares by the best possible means 
without any restriction. This will increase the dispo- 
sal of surplus machinery for which additional storage 
costs are incurred without achieving any result. This 
may also avoid deterioration due to storage for long 
period. 


CRANES 


The unique feature of the telescopic jib in 
conjunction with luffing and slewing ensures 
the easy handling of awkwardly placed loads. 
A hook replaces the grab in a few minutes 
MOBILITY—SPEED—ACCURACY. 
Models ranging from 2 tons to 4 tons, includ- 
ing the cross country 4 ton—4 wheel drive 


slew crane. 


Full details from 
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@lUl an Groleldaloltinels: 


Mr. H. R. Bhatia. After completing a course of Elec- 
trical Engineering in India, Mr. Bhatia had two years 
Post Graduate Education 
in Hydro-electric Engi- 
neering at the Imperial 
College of Science and 
Technology, London. He 
had a short training in 
Manufacturing Works in 
England before returning 
to India. He joined the 
Punjab Electricity De- 
partment as an Assistant 
Engineer in 1933, and 
continued in the Depart- 
ment till 1956, in various 
capacities, such as Assis- 
tant Engineer, Executive Engineer, Superintending 
Engineer and then as Chief Engineer. He has been 
intimately associated with the Bhakra-Nangal Project 
initially as Superintending Engineer, Projects, and 
then as Chief Engineer, and most of the planning 
work of the Electrical Part of this Project, has been 
done under his directions. In 1956, he was appointed 
as Chief Engineer and then as General Manager of 
the Heavy Electrical Project at Bhopal, owned by the 
Government of India, and worked in this capacity till 
February 1958, when he was recalled by the Punjab 
Government for appointment as the first Chairman 
of the Punjab State Electricity Board. During his 
service career in the Punjab, he was sent abroad by 
Government twice, once in 1952 to Europe, England 
and America, in connection with the contracts for the 
Bhakra Nangal Project, and again in 1956 as a Mem- 
ber of the Technical Delegation sent by the Govern- 
ment of India, to settle the details of the Heavy Elec- 
trical Project. He is a full Member of the Institution 
of Electrical Engineers (London) and also a full Mem- 
ber of the Institution of Engineers (India). 

The completion and successful commissioning of 
the Left Bank Power House at Bhakra is an achieve- 
ment made under his guidance. 





Mr. B. K. Bhattacharjee, graduated in Agricultural 
Engineering from Allahabad University. He served as 
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Assistant Agricultu- [ 
ral Engineer with M/s. 
Volkart Brothers, Cal- 
cutta for two years in 
their Agricultural Ma- 
chinery Department. He 
joined the Government of 
West Bengal in 1952 as = 
Assistant Agricultu- 
ral Engineer In-Charge 
of Research. Sri Bhatta- 
charjee went to U.S.A. 
under Point IV program- 
me and studied in the University of California, 
at Davis as a Research trainee. Mr. Bhattacherjee is 
engaged now in research on Irrigation requirement 
of crops and also on development of agricultural 
machinery and implements. He has published a few 
papers on the effect of different levels of soil moisture 
and different submergence level of water on the 
growth and yield of crops. 





Mr. Everett H. Davis, received B.Sc. Degree at Ore- 
gon State College (USA) in Agricultural Engineering 
specializing in Irrigation; 
M.Sc. Degree at Univer- 
sity Idaho (USA) in 
Agricultural Engineering 
specializing in farm me- 
chanization. He is Char- 
ter member of National 
Sprinkler Irrigation As- 
sociation (USA) and was 
its first president. Regis- 
tered Professional Engi- 
neer in 4 states in United 
States. 

He developed an irri- 
gation program for one 
State and has designed nearly 1000 individual farm 
and cooperative irrigation and drainage schemes in 
U.S.A. 

Member of American Society of Agricultural Engi- 
neers and American Society of Civil Engineers, he has 
had experience in research, extension and teaching in 
various fields of agricultural engineering. 
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He is presently on the University of Missouri tech- 
nical team working with TCM on a joint program of 
irrigation and drainage in West Bengal, Assam, Bihar 
and Orissa. He is attached to the Birla College of 
Agriculture at Haringhata and works with both 
faculty and students. 


Mr. J. Walter, graduated from the College of Engi- 
neering, Guindy in 1940. He joined the Public Works 
Department and was in- 
charge of the mainten- 
ance and construction of 
irrigation and flood con- 
trol works. He spent a 
number of years in the 
works connected with the 
Mettur Dam. From 1949 
to 1951 he specialised in 
America on Irrigation 
and Flood Control 
Works. After obtaining 
the Master’s degree in 
Irrigation Engineering in 
Colorado, he had train- 
ing with the United States Bureau of Reclamation, 
U.S. Army Corps of Engineers, Soil Conservation 
Service and the Bureau of Standards. He visited the 
leading hydraulic, soil mechanics and testing labora- 
tories in California, Urbana, St. Paul, Washington etc. 
From 1951-54 he was engaged in the preparation of 
designs, drawings and specifications for major multi- 
purpose projects in South India. In 1954, he was 
deputed to the Punjab Government as Senior Designs 
Engineer in the Bhakra Dam Designs Directorate, 
New Delhi. He served the Punjab Government from 
1954-58 in the preparation of designs, drawings and 
specifications for Bhakra Dam. After serving for a 
year on the construction of major building projects 
in Madras State, he took charge of the Soil Mechanics 
and Research Division. Under his guidance 4 funda- 
mental and basic research problems of the Central 
Board of Irrigation and Power Schemes, 2 research 
problems of the Council of Scientific and Industrial 
Research in addition to the problems of the National 
Building Organisation, Indian Standard Institutions, 








Central Building Research Institute, etc. are being 
studied, 


Mr. S. Muthukumaran studied at the College of Engi- 
neering, Kakinada, from where he took his B.E. 
degree in 1952. Ever 
since 1952, he is working 
in the Madras P.W.D. 
He has worked in the 
Tungabhadra Project in 
1952. In 1953 he was in 
the Krishna Pennar Pro- 
ject Division of the Mad- 
ras P.W.D., and he did 
the designs for the remo- 
delling of the Sunkasela 
anicut. He was in-charge 
of soils testing work in 
the Concrete and Soil Research Laboratory, Che- 
pauk in 1954 and 55. From 1958 onwards as Assistant 
Engineer in the Concrete and Soil Research Labora- 
tory, Chepauk, he is dealing with testing work in the 
soil section and chemistry section. He is now in- 
charge of the Central Board of Irrigation and Power 
Scheme for design of weirs on permeable foundations. 


Late Mr. J. S. Claire was a senior and competent offi- 
cer in the Irrigation Department in the Punjab and 
ended his life under tragic circumstances recently. 


Mr. R., G. Patel: After graduating in 1949 from Col- 
lege of Engineering, Poona, Mr. Patel joined former 
Saurashtra Government 
as Deputy Engineer in 
1951. As Deputy Engi- 
neer, he was in charge of 
construction of Head 
works for Aji Irrigation 
Scheme and Shetrunji Ir- 
rigation Scheme. He was 
promoted as Executive 
Engineer in 1959. Since 
then he is in charge of 
Designs Division for 
Mahi Project. 
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Pipe made from “Union Carbide” 
Polyethylene takes water anywhere on your 
farm. Ie is light-weight and easy to install ... 
you can haul and handle it yourself. Being 
c chemically inert, pipe made from “Union 
; Carbide’’ Polyethylene won't rust, scale or be 

ei ife), | affected by soil acids. 

Write to us and we shall be happy to place 
you in touch with manufacturers of pipe made 
from ‘‘Union Carbide"’ Polyethylene. 

Union Carbide India Limited will soon 
manufacture Polyethylene at Trombay Island, 


Polyethylene = 
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INDUSTRIAL PRODUCTS SALES DIVISION 
UNION CARBIDE INDIA LIMITED 


Formerly NATIONAL CARBON COMPANY (INDIA) LTD. 


BOMBAY @ CALCUTTA @ OELHI e@ MADRAS 
The term UNION CARBIDE is a registered trade mork of Union Carbide Corporation, U.$.A. NCC 34694 
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Through these strong steel walls of the penstocks water rushes down to the powerhouse 
gaining the velocity and kinetic energy required to whirl the turbines and generate electricity. 
The power that emerges from the hydro-electric projects is thus born in the circular walls of 
these penstocks. IHP is supplying these penstocks to almost all major hydro-electric projects 
of India today. 

Every day tons of vital penstocks of various diameters and thicknesses roll off the lines of the 
IHP factory at Hadapsar assuring a continuous supply to meet the requirements of the 
various hydro-electric projects planned in the 2nd & 3rd Five Year Plans. 


lA THE INDIAN HUME PIPE CO.LTD. 


A WALCHAND GROUP INDUSTRY / Construction House, Ballard Estate, Bombay- 1 











